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® Novel carboxyalkyl peptides and thioethera and ethers of peptides as antihypertensive 

® Novel inhibitors of angiotensin converting enzyme are 
disclosed which have the general formula 

R, R, O R» R 9 0 
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Wherein X - X. O or NR., R4 and R» form with -N-C- a 4-6 
membered ring structure as described and the other R 
substhuents ere selected from a variety of disclosed groups. 
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Angiotensin converting enzyme (peptidyldipeptide hy -olase, 

hereinafter referred to as ACE) occupies a central role in* the 

physiology of hypertension. The enzyme is capable of converting 

the 'decapeptide angiotensin I, having the sequence 

AspAr gValTyr II eKisProPheKisLeu 

to an octapeptide, angiotensin II, by removal of the carboxy- 

terminal HisLeu. The symbols for the above chemical moieties 

and others used throughout this application are explained in the 

following table. In each instance, the syziol for an amino acid 

is also used herein at tines to refer to a Bono or divalent 

radical of such acid, and those cf ordinary skill in the art will 

readily understand the context of each specific use: 

Ala = alanine 
Arg = arginine 
Asp - aspartic acid 
Aze » azetidine 
Loc m t-butyloxycarbonyl 
Cbo « carbobenzyloxy 
Cys « cysteine 
<Glu « pyro-L-glutamic acid 
Glu ■» glutamic acid 
Gly «= glycine 

Hip - Hippuric acid (Benzoyl-glycine) 

His « histidine 

-lie-"- isolssucine 

I#eu m leucine 

Lys ~ lysine 

net - methionine 

Orn « ornithine 

Phe = phenyl = la ine 

Pip - pipec clinic acid 
A Pro *= proline 
^Pro *= 3,4-dehydroproline 

Ser = serine 

Thr - threonine 

Thy - thyronine 

Tos « Tosyl 

Tr? - tryptophan 
. Tyr - tyrosine 

Vai « valine 

Pht - phthaloyl 

ACE « Angiotensin converting enzyme 
Hepes - W-2-hydroxyethylpiperazine-n'-2- 
ethanesulfonic acid 
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Angiotensin I is formed by the action of the enzyme renin, 
an endopeptidase found in kidney, other tissues and- plasma, 
on a globulin. 

Blood pressure is affected by certain peptides found in the blood 
One of these, angiotensin II, is a powerful pressor (blood 
pressure elevating) agent. Another, bradykinin, a nonapeptide 
with the sequence ArgProProGlyPheSerProPheArg is a powerful 
depressor (blood pressure lowering) agent. In addition to a 
direct pressor effect, angiotensin II stimulates release of 
aldosterone which tends to elevate blood pressure by causing 
retention of extracellular salt, and fluids . Angiotensin II is 
found in measurable amount in the blood of normal humans. 
However, it is found at elevated concentrations in the blood of 
patients with renal hypertension. 

The level of ACE activity is ordinarily in excess, in both 
normal and hypertensive humans, of the amount needed to maintain 
observed levels of - angiotensin II. However, it has been found 
that -significant blood pressure lowering is achieved in hyper- 
tensive patients by treatment with ACE inhibitors. [Gcvras, I., 
et al., Hew Engl. J. Med, 291, 817 (1974)]. 

ACE is a -peptidyldipeptide hydrolase. It catalyzes the 
hydrolysis of the penultimate peptide bond at the C-terminal end 
of a variety of acylated tripeptides and larger polypeptides 
having an unblocked ^-carboxyl group. The action of ACE results 
in hydrolytic cleavage of the penultimate peptide bond from the 
carboxyl- terminal end yielding as reaction products a dipeptide 
and a remnant. 

The reactivity of the enzyme varies markedly depending on 
the substrate. At least one type of peptide bond, having the 
nlrropen suoolied bv nroline. is not hvdrolvzed at all. Thp 
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apparent Michaelis constan ■■ ; i) var froa substrate to 
substrate over several ord ;s of mag: .ude. For general 
discussion of the kinetic ^arjoneters f enzyme catalyz d 
r actions, see Lehninger, A., Bioches Lstry . 2nd Ed., W rth 
Publishers, Inc., Newark, 1975, pp. 189-195. Many peptides 
which are called inhibitors of the enzymatic conversion of 
angiotensin I to angiotensin II are in fact substrates having a 
lower Km tten angiotensin I. Such peptides are more properly 
termed competitive substrates. Examples of competitive sub-, 
strates include bradykinin, and the peptide BPP^ (also called 
SQ20475) from snake venom, whose sequence is <CluLysTrpAlaPro . 

Kumerous . synthetic peptide derivatives have been shown to b* 
ACE inhibitors by Oadetti, et al. in U.S. patent 3,832,337 
issued August 27, 1974. 

The role of ACE in the pathogenesis of hypertension has prompted 
a search for inhibitors of the enzyme that could act as anti- 
hypertensive drugs. See for example U.S. patents 3,891,616, 
3,947,575, 4,052,511 and 4,053,651. A highly effective inhititor, 
with high biological activity when orally administered, is D-3- 
aethylpropanoyl-l>proline, designated SQ14225, or "captopril" 
disclosed in U.S. patent 4,046,889 to Ondetti et al., issued 
September 6, 1977, and in scientific articles by Cushman, D.W. 
et al., 3iochemistry 16 .5484 (1977), and by Ondetti, M. et al.. 
Science 195 ,441 (1977). The inhibitor SQ14225 reportedly has 
an I 5£) value of 2.3 r. 10 _8 H. The I 5Q value reported by Cushman, 
et al., supra is the concentration of inhibitor required to 
produce 50Z inhibition of the enzyme under a standard assay 
system containing substrate at a level substantially above K^. 
It will be understood that Icq values are directly comparable 
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when all potential factors affecting the reaction are kept 
constant. These factors include the source of enzyme, its 
purity, the substrate used and its concentration, and the 
coeposition of the assay buffer. All I 5Q data reported herein 
have. been performed with the same assay system and same enzyme 
(human urinary ACE) and the same level of 

substrate and are therefore internally consistent. Discrepencies 
with data obtained by other workers may be observed. Indeed 
such discrepancies do exist in the literature, for unknown reasons! 
See, for example, the I 5Q values for SPP 9a reported by Cushman, 
D.W. , et al. , Experientia 29 . 1032 (1973) and by Dorer, F.E. , et 
al., Biochim.Biophy s.Acta 429 . 220 (1976). 

The mode of action of SQ1A225 has-been based upon a model 

of the active site of ACS developed by analogy with the better 
known related enzyme, carboxypeptidase A. The active site was 

postulated to have a cationic site for binding the carboxyl end 

group of the substrate and a pocket or cleft capable of binding 

the side chain of the C- terminal amino acid and providing 

expecially tight binding for the heterocyclic ring of a terminal 

proline residue. A similar pocket for the penultimate amino acid 

residue was postulated, and the published deta suggested a 

rather stringent steric requirement, since the D-form of the 

inhibitor was substantially more potent than its stereoisomer 

or the 3-methyl and unsubstituted analogs. The sulfhydryl group 

on the inhibitor, postulated to be bound at the active site near 

the catalytic center, was believed to play a central role in 

inactivation of the enzyme by combining with the zinc moiety - 

known to be essential for catalytic activity. Substituents on 
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the sulfhydryl, sue as a methyl group, and an S-acetyl 
derivative, eubstar : ially reduced potency f the inhibitor. 
See Cushnan, D.W. , et al. f Biochemistry , supra. 

In vitro study of the mechanism by which SQ14225 and 
its analogs act to inhibit ACE has been somewhat hampered 
by the instability of these molecules under ambient 
conditions. For example, it has been observed that a fresh 
aqueous solution of concentration , e.g., 1 mg per ml of 
SQ14225 at a pH of about 8 becomes substantially less active 
upon standing for as little as. 30 minutes t and that activity 
continues to decrease as the solution stands for longer 
periods. It is. believed that this los6 in activity is 
mainly the result of dimerization of SQ1A225 occurring at 
the sulfhydryl end groups , whereby* a disulfide is formed 
which is largely inactive as an inhibitor. Since the free 
sulfhydryl group is highly reactive and may be readily 
oxidized to polar acidic moieties such as sulfone and 
sulfoxide groups, it may also be that the observed in 
vitro loss of activity — of aqueous solutions of SQ14225 on 
standing is in some part a consequence of one or more such 
oxidation reactions, with formation of a sulfone or sulfoxide 
which does not function effectively as an inhibitor for ACE. 

Such reports of SQ14225 clinical testing as are 
currently available, some of which refer to the compound 
under the name n Captopril n or "Capoten 11 , suggest that the 
product is sufficiently stable in the normal gastric and 
intestinal environments of most patients to be an effective 
inhibitor for ACE when administered orally. It is not yet 
clear, however, whether there may be a group of patients for 
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which S014225 is substantially ineffective, B cause of -:he 
high reactivity of the free sulfhydryl group, SQ14225 could 
readily form mixed disulfides with serum, cellular proteins, 
peptides or other free sulfhydryl group-c ntaining substances 
in the gastric or intestinal environments, in addition to the 
possibility for dimer formation or oxidative degradation 
reactions. A mixed disulfide with protein may be antigenic 
and, indeed, occasional allergic re&ctions have been clini- 
cally observed. See Gavras, et al., Mew England J.Med . 298 , 

991 (1978) . Disulfides and oxidative degradation products of 
SQ14225, if formed, may at best be expected to be largely 
ineffective as inhibitors. It may be postulated accordingly 
that dose response to SQ14225 may vary with conditions of 
administration and among individual patients. Moreover, in 
at least some patients, unwanted side effects may occur and 
maintenance of an effective concentration of the inhibitor in 
the body may be difficult to control. - 

Adverse effects of S014225 in man include fevers and 
rashes (Gavras et al., supra) . Hoomtje et al., The Lancet i, 
1212-1214 (1980) describe the performance of renal biopsies on 
13 patients treated wtih S014225. All biopsies showed evidence 
of immune complex deposition along the glomerular basement 
membranes, although 9 of 12 patients were asymptomatic at the 
time of the biopsy. These authors also discussed similarities 
of their findings with those induced by another drug with a 
free mercapto group, D-penicillamine. 

In an effort to devise inhibitors of angiotensin converting 
enzyme that, are mere stable than captopril and less likely to 
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induce D-peniciilamine-like adverse effects, applicants 
prepared and disclosed in copending applicati n Ser. No* 
187992 filed September 17, 1980, a series of compounds 
having analogous side chain structure to an effective 
substrate for the enzyme, benzoyl-Phe-Ala-pro. The analogous 
compounds possess en ether or thioether linkage and a substi- 
tuted carboxymethyl proximate to the ether or thioether. In 
some compounds, the substituted carboxymethyl group is replaced * 
by corresponding substituted thiocarboxymethyl or mercaptomethyl 
group. 

Such compounds are stable and have durations of action much 
longer than that of captcpril. Thus, the inhibitors of 
Application Ser. Ho. 187992 may be used for treating hyperten- 
sion with less frequent dosage schedules than required for 
captopril and may be capable of administration under less 
rigorously controlled conditions. 

Patchett et al., in European application 79105015*6 
publication number 0012401, published on or about June 25, 
1980, discloses carboxyalkyl dipeptide derivatives vhich closely 
related to the compounds_of U.S. Ser. Ho. 187992 and. exhibit 
generally similar durations of action in in vitro tests . 

Applicants have now discovered additional heretofore 
undisclosed compounds -vhich are somewhat related to those 
earlier disclosed. In at least some cases these compounds are 
more efficacious and/or longer acting as ACE inhibitors than 
any of the previously disclosed compounds. 
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BRIEF DESCm>TI0N 0 IKE IKVEN: ON 



Novel inhibitors of ACE arc cisclosed which have the 
g eneral f orziula : 

^8>-f*— X-CCHj^-C*— C— N-C C " R 6 

wherein x and y are 0 or 1, X may be S, 0 or N-R g and R & may be 

-H or -CH 3 m is 0 or 1, and R^ Is H, CB^, F, CI or Br; 

Rj is COOH, CH 2 C00H, COSH, CB^COSH, CB^SH, CHjCB^SH, a 

physiologically acceptable non-toxic .salt of any of thea; COOY; 

CH 2 C00Y, COSY, CH 2 C0SY, CH 2 SY or CR^^SY, wherein Y is phenyl, 

benzyl or a 1 - 5 carbon alkyl group, C*°- N' A 1 wherein either 

^2 

of A 1 and A 2 iaay be H, phenyl, benzyl or a 1 - 5 alkyl gronp; 

R 4 and Rj together- form a ring with the nitrogen and carbon 
atoms to which they are respectively attached, which ring is one 
of the structures: 



! 1 
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- N — CH -. 
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00 and R^ ar th - a ae or different anc ar6@a£$ 1a&9 °> 
(i> nono-N subs, ttited alkylene of 2-4 carbons wherein 
the N substituent Is benzoy) , Boc, Cbo, Tos, fonnyl or acetyl; 

(ii) hydroxyphenyl or hydroxyphenyl- (1-6C) -alkylene 
hydroxalkylene having 1-4 carbons, or thiol analogs thereof, 

(iii) nercaptoalkylene of 1-6 carbons; 

Civ) phenylalkylene wherein the alkylene group has 
1-6 carbons, Cj-C 5 straight or branched chain alkyl or phenyl, 

(v) phenyl thloalkrlene, phenoxyalkrlene, benzyloxy- 

alkylene./Senzylthio alkylene vherein ths alkylene group has 
1-6 carbons; 

(vi) alkylthioalkyiene wherein the alkyl and alkylene 
groups have 1-6 carbons; 

Cv±±) alkoxyphenyl or alkoxybenzyl in which the alkoxy 
group has 1-6 carbons, phenoxyphsnyl, phenoxybenzyl, benzyloxy- 
benzyl or benzyloxyphenyl or a thioether analog of any of then; 

(viii) -(CH2> n - CH - CS 3 wherein n - O - 4 end B - H 

OB 

or a 1-6 carbon alkyl group; .or an -SB analog thereof; 

(ix) (CH 2 ) p C00Z or (CH 2 ) p C0SZ wherein p - 0 - 3 and Z Is H, 
phenyl', benzyl, a 1-6 carbon alkyl group, or an anion of a 
physiologically acceptable salt; 

(x) -CCH 2 ) n - CH - CH 3 -or -<CH 2 ) n - CH - CH^ 

0 - C - Z C - 0Z 

»• ii 
o o 

or -CCH 2 ) n - CH - CH 3 _cr -(CH 2 > n - CH - CH^ 

S-C-Z C-SZ 
»» ti 
0 o 

wherein n and Z each have the same significance as above; 

L D 

(xi) H0-(CH 2 ) n - CH - or HS - (CH 2 ) n - CH - wherein n « 0 - A, 

D is phenyl, thienyl r a 1-3 carbon alkyl group; 
(xii) HO - (CK 2 ) a - C (CH 3 ) 2 -, ES - (CH 2 > n - C (CH 3 > 2 -, 
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(CH 2 ) n - C (CH 3 ) 2 - wherein n has th.i came significance e.- 
above; 

(xiii) p - mercaptophenyl - CCH 2 ) n - CH 2 - r p-hydroxyphenyl - 

(CH 2 ) n - CH 2 - wherein the phenyl ring has one or two nitro or 

.aaino substituents and n has the sane significance as above; 

OH SH 

(xiv) CH 3 (CH 2 ) n - CH - or CH 3 (CH 2 ) n - CH - wherein n has the 
same significance as above; 

(xv) K&2 - alkylene or N0 2 - alkylene containing one hydroxy or 
nercapto substituent and having 1-6 carbon atoms; 

(xvi) hydroxy- or nercapto-phenoxybenzyl; 

(xvii) 20 <CH 2 ) q - 2 - (CH 2 ) a ZS (CH^ - C - (CH^ ^ 

^V^q " ^ "y^B N0 2 (CH 2>q " ^ " 

HONH - (CH 2 ) q - C - (CH 2 ) n -; NH 2 NH - (CH 2 ) q - ? - (CH^ 

20 - t (CH 2 ) q - 8 - (CH 2 ) n . „ . g . g _ _ ^ 

O 0 * 9 2'n 

NH 2 CN - (CH 2 ) q - C - (CK^n wherein q - 1 - 5 and z and n have 

the same significance as above; 

OH OH 

(xviii) 20 (CH 2 ) q - CH - (CH 2 ) n -. 2S (CHO - CH - (CH^ -, 

HH2 - (CH 2 ) q -cl.-CCE^ N0 2 - (CH 2 ) q - £ - (CH^ 

20 - (^Vq " " ZS " ~ (^2^ " S - (CH 2 ) n - 

9H OH 
HONH - (CH 2 ) q - CH - (CHj). NH 2 NH-(CH 2 ) q - CH - (CH 2 > n - 

or NH 2 CNH-(C-i 2 ) q -CH-(CH 2 ) m - wherein Z, q and n all have the sane 
significance as above; 

(xix) G - NH - (CH 2 ) q - ? - (CH 2 ) n -, G - HE (CH 2 ) q - CH - 
(CH 2 ) n -. G - (CH,) - 2 - (CH 2 ) n G - (CH 2 ) - CH - 



(CH 2 ) n NK 2 - C - (CH 2 ) q - C^(CH 2 ) n - NH 2 - 1 - (S*)® 1 - 59 

o 0 

CH - (CK 2 ) n - 

wherein G is an alkacyl or alkacyloxy group of 1 - 6 carbons, 
a benzoyl or benzoyloxy group, or a phenylalkacyl or phenyl- 
alkacyloxy group wherein the alkacyl or alkacyloxy group 
contains 2-6 carbons and q and n have the same significance 
as set forth above; - 

0 QH 
<:«) X - (CK 2 ) a - t - (CK 2 ) n - or X (CH 2 > n - & - (CH^ - 

vherein n has the significance stated above and K is selected 
from carboxyphenyl, aainophenyl, nitrophenyl, halophenyl, - 
hydroxphenyl, alkylthiophenyl, alkylphenyl. mercaptophenyl, 
cyanophenyl, mercapto-carbonylphenyl, alkylcarbonylphenyl, alkyl- 
carbonyloxphenyl. hydrazinophenyl , ureidophenyl, alkyl carbonyl- 
aminophenyl, alkylcarbonylthiophenyl, alkyloxyphenyl and 
.hydroxyaminophenyl, wherein all alkyl groups contain 1-6 carbon 
atoms ; 

Cxxi) L - (CH 2 ) n - ? - (CH 2 ) n - or L (CH 2 > n - CH - <CH 2 ) n - 

wherein n has the significance stated above and L is selected 
from cycloalkyl groups of 3 - 7 carbons which may be unsubsti- 
tuted with up to two groups selected from among carboxy, amino, 
nitro, halo, hydroxy, mercapto, mercaptocarbonyl , hydroxyamino , 
alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylthio, alkyl- 
carbonylamino, alkyl carbonyithio, cyano, hydrazine ureido and 
alkyloxy, wherein all alkyl groups contain 1-6 carbon atoms; 

(xxii) . guanidino alkylene, thioguanidinoalkylene, or nitro - 
guanidino alkylene in which the alkylene groups contain 1-6 
carbon atoms; 

(xxiii) ring substituted aryl groups in which the ring sub- 
stituents may be the same or different and may comprise up to 
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five per ring of any of the following: - NH 2 , - 0Z, -SZ, halogen, 
-CH, -N0 2 , -COOZ, -COSZ, C0KH 2 , -NHNH 2 , alkyl, alkylearbonyl, 
alkylcarbonyloxy, alkylcarbonylamino, haloalkyl, dihaloalkyl, 
trihalomethyl, hydroxyamino , alky 1 car bony lthio, phenoxy, and 
benzyloxy wherein the alkyl groups contain 1-6 carbon atoms and 
Z has the same significance as above; 

(xxiv) amidoalkylene or alkylcarbonyl-aminoalkylene wherein the 
alkyl and alkylene groups contain 1-6 carbon atoms; 

(xxv) hydrcxyaminoalkylene of 1 - 6 carbons; 

(xxvi) vinyl and substituted vinyl groups in which the 
substituents may be alkyl, aryl, cycloalkyl or heterocyclic 
groups ; 

(xxvii) unsubstituted heterocyclic groups selected from among 
phenothiazinyl , pyrrolidinyl , pyrrolyl, quinolinyl, imidazolyl, 
pyridyl, thyminyl, benzothiazinyl , indolyl, thienyl, purinyl, . 
piperidinyl, morpholinyl, azaindolyl, pyrazinyl. pyr imidyl , 
piperonyl, piperazlnyl, furanyl, thiazolyl and thiazolidinyl , 
cytosinyl, 

(xxviii) alkylene or alkeryl groups of 1 - 6 carbons substi- 
tuted with one of the heterocyclic rings from (xxvii) above; 

(xxix) groups from (xxvii) or (xxviii) above containing up to 

four ring substitutents on the heterocyclic ring selected from 

among -0Z, -SZ, -COOZ, -NQ ? , -NH 2 , -COSZ, halogen, haloalkyl, 

dihaloalkyl, trihalomethyl , cyano, C0NH 2 , alkyl, alkylearbonyl, 

alkylcarbonyloxy, alkylcarbonyl-amino, alkylearbonyl thio, phenoxy, 
ii 

benzyloxy, -ftHC-NH 2 , -NHNH 2 and HONH - wherein Z has the same 
significance as** above; 

(xxx) groups f rom . (xxvii) , (xxviii) or (xxix) attached to one 
valence of an etheric -0- or -S-, and 
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(xxxi) mono-, di- or tri-alkyl-, alkenyl- or phenyl-silyl 02 
selenyl vherein the alkyl or alkenyl groups contain. 1 - 6 car.ons. 
B. When is a group from among (xi) - (xxxi) above; 83 may 
als be any of H, 1 - 5 carbon straight r branched chain alkyl, 
phenyl, -OH. alkoxy of 1 - 5 carbons, benzyloxy, benzyloxyalkylene 
or phenoxyalkylene vherein the alkylene has 1-5 carbons, 
alkoxyalkylene having 1-5 carbons in the alkoxy and alkylene 
groupi, aminoalkylene of 1 - 6 carbons, alkenyl of 1 - 6 carbons, j 
benzyl, hydroxyalkyl of 1 - 6 carbons, mercaptoalkyl of 1 -' j 

1 

6 carbons, histidinyl, haloalkyl of 1 - 6 carbons, 4 - 
aminoiaethyl-benzyl, acetaraidoalkyl of 1 - 5 carbons, benzyl - 
thioeethylene, or dicethylamiaoalkyl of 1 - 5 carbons. 
C. When ^ is a group from among (i) - (xxxi) above. 1^ may also 
be any of H, - C g straight or branched chain alkyl, phenyl, 
benzyl, un substituted aminoalkylene of 2 - 6 carbons, hydroxy- 
alkyl en e of 1 - 6 carbons, hydroxyphenyl . phenoxyalkylene or 
benzyloxyalkylene wherein the alkylene group has 1-6 carbons, 
cycloalkyl of 3 - 6 carbons, cycloalkyl methyl, 3 indolyl-, 
phenylethyl, methyl thioethyl, 3 indolyl alkyl wherein the alkyl 
group contains 1-5 carbons, imidazolyl, imidazolylalkyl 
wherein the alkyl group contains 1-5 carbons, phenoxymethyl , 
phenyl thiomethyl, 4 -acinose thy 1 benzyl, . 2-aminophenethyl, 
napthylethyl,-4-halophenathyl, 3 , 4-dihalophenethyl or 
phenoxyphenethyl, or 

D. R x and ^ together may form with -CH a lactone ring of the 
formula : 

CKs CH CH, 



or 



r 



CH. 0 X 0 
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r an analogous .x-membered ring and ^ must then be selected 
from any of grou »s (i) - (jooci) above, 

E. When at leas-: one f Kj and R g is not hydrogen, or vhen X 
is NRg and Rg is methyl, 1^ nay be as defined in B above, or 
riay.be from any of groups (i) to (x) above, vhen R^ is as 
defined in C above, 

F. When R^ and R^ together are any structure that is disubsti- 
tuted or monosubstituted with a moiety other than -OH, or vhen 
R^ and R 5 form any recited structure other than of of 0 

i — i Cu ^ r-S S\ 

-H CH-, -H CH-, -N CH-, -H CH-, -N CH-, -N CH 




and -ll CH, R^-may be as defined in B or may be from any of 

groups (i) to (x) .vhen Bgis as defined in C above. 
In the general formula above, asterisks indicate possible 
asymmetric centers. These centers may be racemized or in any 
optically active form. The S-form is preferred, however. It 
has been noted that compounds vherein X « NRg, m « 0 t and at 
least one of the carbons attached to the -N- of NRg exhibits 
asymmetry, are particularly effective ACE inhibitors. 

The inhibitors are useful as orally effective anti- 
hypertensive agents. - • 
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DETAILED DESCRIPTION OF THE INVENTION 



0048159 



The invention in its broad aspect: Xr elude thioether. 
ether, or secondary amine compounds whihe contain at least 
one amino acid or reltaed structure. The amino acid or related 
structure is selected either grom the group comprising, 
proline. 3,4-dehydroproline. 3-hydroxyproline. 4-hydroxyproline . 

4- thioproline. thiazolidine-4-carbo=cylic acid, 4-keto-proline . 

5- keto-proline, pyroglntamic acid, pipecolinic acid and 
azetidine-2-carboxylic acid wherein the carboxyl group of! 
the amino acid or related structure can be replaced by a 
-COSH group or the amino acid or related structure contains 
the sequence -N^H-g-Bg wherein- the -N- and -CH - are part of 
a ring with * 4 The compounds of this Mention are 
further characterized by the presence of at least one 
asymaetric carbon in the main chain shown by the general 
formula. In the most preferable form of compound according to 
this invention, at least one of 1^ and B3 is a relatively 
large and bulky group. 

The thioether compounds -of formula I can be produced by 
several methods- of synthesis. In the examples of synthesis 
which follow for the thioether as well as the ether and 
secondary amine compounds, proline will be utilized as the 
prototype amino acid moiety. It is to be understood that 
this is done for illustration purposes only and that the 
other structures can be substituted for proline in thesemethods 
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unless noted otherwise. According to one- preferred method, 
the compound .R^ (pHXttOC^ is reacted vith* P 2 S 5 to form the 

B^SHXBOC^. The compound - gCB^COCl is reacted vith 

Pro to form CH 2 -J(R 3 )2-?ro. The t»o products of these reactions 
**7 

are reacted together to yield the compounds RjCCCOOC^H^S-CH^- 

?7 ? *g 

CCR^-C-Pro. Saponification removes the ethyl alcohol radical 

and forms the- corresponding salt. The free acid can be formed 
therefrom by -acidification. In this method A? xo cannot be 
substituted for -Pro. 

In a second preferred method", "the compound RjC(Br)C00H is 
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reacted with . .scbutyleno in the presence of sulfuric acid to 
form the t-butyl ester of R,??Br)C00H. This compound is then 
reacted with R3CCOOH to form the product 

e (CH,) -SH p n 

^0(0000(^3)3) -S-(CH 2 ) m -C(R 3 )-C0H. Next, the t-butyl ester of 
Pro is coupled to this product using conventional coupling • 
methods, such as the dicyclohexylcarbpALimide (DCC) method. 
Other coupling methods include the mixed anhydride, symmetrical 
anhydride, acid chloride, active ester. Woodward reagent K, 
of the like, methods. For a review of the coupling methods, 
see Hethoden der Organischen Chemie (Eouben-Weyl) , Vol. XV, 
part II, page 1 et seq. (1974). The product formed, 

1^0(0000(023)3) -S- (CH^-C- (B^-C-Pro t-butyl ester, is 

deprotected, i.e. the t-butyl ester groups are removed by 
conventional means such as treatment with trifluoroacetic 
acid (TFA) and anisole to produce the desired end product . For 
a review of other deprotecting methods see Methoden der 
Organischen Chemie (Houben-Weyl) , Vol. XV, part I, page 376 
et Beq. (1974). An alternative method is the reaction of 

R 1 g(Br)C00H with HS-(CE 2 ) = -p(R 3 )-3-Pro tc form the desired 

product. This alternative method will not work for Apro 
although the original nethod will. . R^Br) COOH can be 
prepared by reacting R,C?NH 2 )C00H with HBr in the presence of 

HaN0 2 or with KBr in 2.5N H 2 S0 A in the presence of NaN0 2 .to yield 
the desired product. 



0 4 159 

The ether comp unds of f rmula I can also be prepared 
by several other methods. According to one preferred method, the 
compound is reacted with the diethyl ester of malonic acid t 

yield ^-CH^OOC^) 2 . This product is then reacted vith 

bromine to produce R^C(Br) (COOC^) 2 . The Compound 

S 7 

R--C-C00H is coupled to an ester of Pro using conventional 
coupling means. These two products are then reacted to form the 

compound R^CCOOC^^-O-CCH^-CCR^-fi-Pro ester. The various 

ester groups are removed by conventional means and one carboxyl 
group is removed by acidification and heat to produce the 
desired product. By substituting R,-C-C00H for the R--C-C00H and 

following this procedirre, the thioether compounds c*n be formed 
but this will not work with ^ Pro, 
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* jLj. blocking group 

In sti .l another method, the compound R^-i^-OH is reacted with 

8 .blocking group 
Br-(CH 2 ) m -^(R 3 )-CO0H t-butyl ester to produce X^I^-O-CCH^- 

^CR^-COOH t-butyl ester. The ester is removed, the product 

reacted with Pro, and the blocking group is removed to yield a 
final product of the formula shown above. 

The secondary amine compounds of this invention wherein 
Rg-H and X is NH "may be synthesized by the following method. 

The compound H-^-COOH is coupled with thiophenol using the mixed 
x 0 0 

anhydride method to produce R^- Ms- CgH 5 . This product is 

then reacted with H 2 N- (CH^-dC!^) -C-?ro to yield RjCHrf-S-CgH^- 

-Pro. This compound is reacted with NaSH to 
0 1^ 0 

form R 1 -CH(C-SH)-NH-(CH 2 ) :a -i(R 3 )-C-Pro. 

Compounds of this invention in which R^ and ^ are bridged to 

form a lactone ring can be prepared using 2-halo-lac tones f e.g., 
^-Br- <T-valerolactone axt&d) -Br -2^-bugy^o lactone . The pf -bromo 
group is reactive with HS-(CE2) m -CH-<$-& -CH-COR^ or those analogs 

In which an OT^-- or OH- group is substituted for the HS -group to 
form compounds in which X is -S-, -0- or -NH- in formula I. 

^Pro cannot be used in this procedure unless added as 

. ?4 ?5 ?1 
-N -CH-CORg as a final step, i.e., after the bond has been 

formed. The -lactone ring can be opened, e.g., with a base such 
as Ba(0H>2 to form the corresponding ^ -OH-l-carboxymethyl 
compounds. The hydroxy- group can be c nverted to a salt with 
sodium, potassium or an organic cation such as that from arginine 
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Compounds of this invention- wherein X=NR ? may be made 
in. .various ways«> For example, an. keto carboxylic acid of 

0 

the general .formula RjC-CQOH may be coupled to Pro to give a 

0 0 

H it 

produce RjC-C-Pro using a conventional coupling .agent such as 
dicyclohexylcarbodiimide ("DCC") or diphenylphosphorylazide 
("DPPA 11 )* This product may in tarn be coupled, in the pres- 
ence of a reducing agent such as sodium "cyanoborohydride in 
aqueous solution with an organic solvent such as chloroform 
or dichloromethane, to a compound of the general formula 

R Q C-NHR 9 to give the desired compound* Alternatively, 

R 2 r' 
R, C-C00H may first .be coupled with R fl C -NHR q and the product 

0 R 2 
then coupled to Pro in a second coupling step» As those of 
ordinary skill in the art will readily understand, conventional 
blocking roups such as Boc, CbO, etc., may be introduced at 
appropriate stages to protect reactive groups, especially 
carboxyl or amido groups, and may be removed as desired- 

In another general method a suitable a keto carboxylic 

: 0 fi- 

ll |3 

acid R i C-C00H is coupled to H 0 N-(CH 0 ) -C-C00H and the product 

* z jl m a* 

i:« R 7 R, 

|3 

is then coupled "to Pro or alternatively H,N(CH_) -C-CO0H is 

z z m A- • 

• R 7 

coupled to Pro and that product is coupled to 
0 

It 

R^C-COOH to give -a-n-end product of this invention« 

R. . 
,1 

Suitable compounds of the general formula Rq-C-NH- for 

•ft * 2 
2 

use in making the compounds of the invention include 5 but are 
not limited to glutamic acid o-benzyl ester., glutamic acid a- 

thyl ester, glutamic acid o-methyl ester, glutamic acid a-tert 
butyl 
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ister. aspactic-cv-benzyl ester, 2-amino-5-carboxy-indan-2- 
carboxylic acid, p-earboxyphenylalanine-*? methyl ester, 
jo-carboxytyrosine-X-methyl ester, 2-aminomalonic acid methyl 
jester, 2 aminoadipic acid-l-ethylester. 2 amino-pimelic acid-1 
•ethyl ester, 2-aminosubaric acid-1 ethyl ester, 2-amino azelaic 
acid-l-ethyl ester, 2-amino sebacic acid-1 ethyl ester 
•'tert. leucine, 2-methylglutanic acid, ac-amiao-tf-guanidino 
butyric acid.^-amino^-guanidiaopropionic acid, /-fluorophenyl- 
alanine. /-hydroxyvaline , ^-oxalysine , V*-hydroxy ornithine. N 1 ^ 
hydroxyzine, tf--N methyl arginine, tf-hydroxy arginine. cancanin. 
J| 5 , 5 ' -dihydroxyleucine , ^-carboxyaspartic acid, /-fluoroaspartic 
"acid,£ -methylaspartic acid, /-methylene esparric acid, p- 
[amidino phenylalanine, p-guanidinophenylalanine, p-methyl- 
phenylalanine, (2-ethoxy-5-nitro) phenyl-alanine, <2-hydroxy-5- 
nitro) phenylalanine, (4-mercapto) phenylalanine. 2-amino-2-indole- 
•acetic acid. 2-aaino-3-adamantyl-propionic acid, /5 -methyl en e 
norvaline.y-amino-r-CA carboxythiazolyl) butyric acid, 3-chloro- 
glutamic acid.^-amino-^nitro-valeric acid, 4-azalysine." 
- : (2,A,5-trihydroxyphenyl)alanine, (3 bromo-5-methoxypehnyl) 
jjalanine,/ , -(3,5 dimethyl-4 methoxyphenyl) alanine , 3,5-di 
|Kethylthio)-4-(4' hydroxyphenoxy) -phenylalanine, 3.5-di(ethyl- 
' thio) -4 (3 ' -isopropyl-4 • -msthoxyphenoxy)phenylalanine , fi- 
pyrrolyl-alanine. 2-aminc-4-?yrrolyl-butyric acid, 2-aioino-5 
pyrrolyl-valeric acid, jS - (2 pyridyl) alanine , (3 pyridyl) 
.•alanine, (6 -amincpurin-9yl) alanine. )S- (4 -amino -2 -hydroxy - 
lpyrimidin-1-yl) alanine , & -<2,4-dihydroxy-5-methyl-pyrimidin-l- 
. yl) alanine , # - (6-hydroxy-purin-9-yl) alanine - (6-dimethyl- 
amino-purin-9-yl) alanine - (6-mercaptopurin-9-yl) alanine , 
^-(6-methylthiopurin-9-yl)alanine.*4-azatrvntoohan. 4-met-bvi- 
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*o-l-pyridyl) lysine , S- (2-h- droxy^-c^boxyethanechioaechyl) - 
cysteine, 2-aaino-3- <6-thieno .[3^2-b) pyrrolyl)- propionic acid. 
3,3\5,5' tetramethylthyronine. 5-hydroxy-j* -lysine. 2-aain hex- 
4-ynoic acid. Kf-hydroxy ornithine. 4-piper a2 inobut-2-y no ic acid. 
4-piparidinobut-2-ynoic acid. 4-pyrrolidinobut-2-ynoic acid. - 
^-amino-Di-nitroguaiiidinobutyric acid. o«-aaino-./J(l-i ai ida2olyl) 
prppitmic acid. 4-aitrohistidine , 2-aethyl-3(2\4'-diiodo- ^ 
5'-hydroxyph S nyl) alanine, 4-(3» amino-2' ,4',6 ! -triiodbphenyl) 
isovaline. 4-<3' acetamido-2 • .4' .6'-trkodophenyl)-isovaline. 

4- (3 ' -hydroxy-2 \ 4 ' . 6 ' --tziiodophenyl) isovaline. 2-aaino-4- 
thiosulfobutyric acid. S-(3-aninopropyl) homocysteine. 

5- (cyclopentyl methyl) homocysteine/ S- Ccyclopentyl methyl) 
homocysteine , 5 ' -guanosylhomocys teine . g ' (cytosin-l-yl) - 
alanine. -S- [ (diphenyl-^-naphthyl)methyl) -L-cysteine , -S- 
[(diphenyl^-naphthyl)methyll-L-cysteine. 2-aoino-6-(methylthio) 
caproic acid.M! l^-dimethyl-L-arginine , N >G -diaethyl-L- 
arginine, N* N^N^ triaethyl-2T-hydroxy-L-lysine , M £ -(5-anino-5- 

carboxypentyl)-5-hydro 3 ^-L-lysine. < rf-dihydroxy-L-norlevicine. 
cis-l-amino-l,3-dicarboxycyclohexane. trans -l-amino-.l ,3- 
dicarboxycyclohexanev-3 r -3 7 4 . 4 . 4 . -pentaf luoro-2-aminobutyric acid . 
3,3.4,4,5,5, 5-hep tafluoro-2-aminovaleric acid , -f luoro-D 
and L-allo-isoleucine, 2,6-diamino-4-hexynoic acid, 0-(c*-D- * ' 
glucopyranosyl) -L-serine , 2-«aliip-5 , 6-d! hydroxyindan-2 -carboxylic 
acid, 3-(m-fluorophenyl)-2- ns thylalanine. 3-(m-broiaoph e nyl)-2- 
methylalanine, 3-fcn-iodophenyl)-2-methylalanine, 2-[( n - 
iodo P henyl) E ethyl]glycine, -4-<m-iodophenyl) -2-meth y l-2-amino- 
butyric acid. "3.5,3 V-tri-isopropyl-LL-thyronine. 3. 5-dimethyl- 
3' -isopropyl- thyronine, 3 ,5-di-isopropyl- thyronine, 3,5-di- 
isopropyl-4 • amino -thyronine , 3.5, -di-isopropyl-3 « -bromo- 
thyronine, 3,5-di-i SO propyl-3 Whyl-thyronine. 3.5-di-s-butyl- 
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thyronine, 3, 5-di-s-butyl-4 ' -amino- thyronine, 3,5-di-s-butyl- 

3' -bromo- thyronine, 3 ,5-di-s-butyl-3*-iodo- thyronine, 4-fluoro- 

tryptophan, 5- fluoro- tryptophan, 6-fluoro-tryptophan , jS-(5- 

hydroxy-6-iodo-2-pyridyl) -alanine, £> - Cbenziniidazol-5-yl) - 

alahine^-(2-amino-6-hydroxypitt-in-9-yl)-alanine, ^-C2-amino-6- 

c 

mer-captopurin- 9-yl) -alanine , N - (5-Aaino-6-chloro-4-pyrimidyl) 
lysine, -Amino- -(6-chloro-9^purinyl)caproic acid, 4-Fluoro-DL- 
histidine. S-Methyl-2-methyl-cysteiae. S-Ethyl-2-methyl-cysteine, 
S-Propyl-2-methyl-cysteine, S-Isopropyl-2-methyl -cysteine. S- 
Butyl-2-methyl-cysteine, S-Isobutyl-2-methyl-cysteine, S-t- 
Butyl-2-methyl-cysteine, S-Aiayl -2 -methyl- cysteine, S-Ieoamyl-2- 
methyl-cysteine, S-Allyl-2-aethyl-cysteiae, S- Ctf-Aminoethyl) 
homocysteine , S ,c , o ' -trihydroxy-leucine, N*- (indole-3 -acetyl) - 
lysine, p-hydroxymethylphenylalanine O-ethylhomoserine, 5- 
methyl-2-aminohex-4-enoic -acid, -X- (3-hydroxyphenyl) glycine, 

(3 , 5-dihydroxyphenyl) glycine , 6- (cyclohexa-1 , 4-dienyl) alanine , 
^-cyclohex-l-enyi) -alanine . £- (l-hydroxycyclohexyl) -alanine, 
4-bromoacetyl-phenylalanine , 4-bromoacetamido-phenylalanine , 
3-chloroacetamido-phenylalanine, 4-fluoro-3-chloroacetamido- 
phenylalanlne, 3 ,4, 5-tri-iodo-phenylalanine, 3 f 5-di-isopropyl- 
3 '-iodo-thyronine, /3-(4-mechoxy-l^aphthyl)-^-methylalanine, 
{3-(4-hydroxy-l-naphthyl) ->naathylalanine , C2-indanyl).glycine . 
j^-trimethylsilyl-alanine, ^resino-^-Oaethylamino) prop ionic acid, 
H N" -bis (2-cyano ethyl) -lysine , ^-dimethylnorleucine 
methyl -If N' -die thyl ornithine , ^-ethyl-3 , 4-dimethoxy-phenylalanine , 
o^-methyl-A-morpholino-phenylalanine, @- C2-amino-4-pyrimidinyl) 
alanine, /3- (2-amino-4-pyriiaidinyl) alanine ,3- C2-Methyl-4 , 5- 
dihydroxyphenyl) -alanine , 3- (2-Ethyl-4 , 5-dihydroxyphenyl) - 
alanine, 3- (2-Isopropyl-4, 5-dihydroxyphenyl) -alanine, 3-(2-t- 
Butyl-4 , 5-dihydroxyphenyl) -alanine. 3- (2 , 5-Dimethoxy-4-methyl- 
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phenyi )-alanine , 3-•Et"hyT-'or-me^.hy^-ty^o8lne t • 2 -ami no -3 , 3- 
dimethylhex-5-enoie acijd, 2-aninohexa-4,5-dienarc acid, 2- 
*amino-3,3-dimethylhexa-4;,5-dien' i'c acid, j2-aminahepta--4 , 5- 
dienoic acid, 2-amino-3-,3-dimethylriona-4,5-dienoic acid, 2- 
aminohepta-5,6-di£noic acid, -2-araino-3-methylhepta-5,6-dienoic 
acid, 2-amino-5-t-butyl-6, 6-dimethylhefta-3,4-dienoic acid, 
2-amino-5-methylhepta-3 ,4idienoic acid, 2-arainbhepfc-4"-en-6- 
ynoic acid, £-hydroxy-B-carboxy-noTleucina, B-carboxy-lysine, 
B-(3,4-dihydroxypbenyl)-a-methyl-ser^^ 

homocysteine, S-benzyl -a, ^,2f-triraethyl -homocysteine,- $-raethyl- 
methionone, a-methyl-selenoraethionine, ■0-nethyl-selenomethio- * 
nine, a-methyi-selenomethionine, £V#* -difluoro-valine, £ ,<£, 
difluoro-leucinB,^T -fluoro-allothreonine, B-hydroxy-asparagine, 
0>hydroxy-isoleucine , g-methox.y-i sol eu cine, <i-amino-J c "( |neth y 1- 
ami no) butyric, acid, a-amino-B*-(ethyla"mino)propionic acid,3-Iso- 
propyl-a-methyl -tyrosine, 3-t-Butyl-a-methyl -tyrosine, 2 -Ami no - 
5-hydroxy-indan-2-caxboxylic acid, 2-Amino-5-raethoxy-indan-2- 
carboxylic acid, 2-Amino-5-carboxy-indan-2-carboxyl±c acid, 

2- Amino-5-chloro-indan-2-carboxylic acid, 2-Amino-5-brocno- 
indan-2-carboxylic acid, 2-Amino-5-iodo-indan-2-carboxylic acid, 

3- (2,4-Difluorophenyl) -alanine, 3-(3,4-Difluorophenyl -alanine, 
3-(3,5-Difluorophenyl)-alanine, 3r(2,5-Difluorophenyl3-alanine,- 
3-(2,6-(Difluorophenyl)alanine, 3-(2,3 ,5,6-Tetrafluorophenyl )- 
alanine, 3-(3,5^ijchioro-2,4,6-trifluorophenyl>alanine, 3^(2,3, 
4,5, 6-Penta flaorophenyl ) -alanine , g-O , 2-Dihydro-2-oxo-3- 
pyridyD-alanine, ,2-Dihydro-2-oxo-4-pyridyl)-alanine, 
B-(1 J 2-Dihydro-2-oxo-5-]yTidyl)-alanine, 0-1 ,2-Dihydro-2-qxo- ; 
6 pyrydiD-alanine, B-(2-Fluoro-3-pyridyl)-alanine, 0-(2- 
Fluoro-5-pyridyl)*-alanine, B-(2-Fluoro-6-pyridyl )-Alanine, 0- . 
(2-Brorao— 3-]yridyl) -alanine, g-(2-Bromo-4-pyridyl )'-alanine , 0- 
(2-Bromo-5-]yridyl) -alanine, £-(2-Bromo-6-]yridyl ) -alanine , 

0> ( 2 -Chi oro -3 -p y ri d yl ) -al ani ne , 0J- ( 2-Chl or o-4 -pyr id yl ) -al a ni ne , 
0*- (2-Chl oro -5-p y ri dyl ) -al ani ne , 0> (2-Chlor o-6-p yri dyl •) -al a - 
nine, 'B-(Thymin- ' . 
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It is further contemplated that 

Kg C NHRg nay b 

*2 



selected from among any of the known amino acids or esters or 
primary amides thereof in which, vhen is any of CH^, HHj- 
(CH 2 ) 3 , NH 2 (CH 2 ) 4 - t CH 3 S(CH 2 ) 2 - f benzyl, p-hydroxybenzyl, 3,4- 

s ^ 

diaethoxybenzyl, CHgOC- (CE^- or \=^-CH 2 , Rg is selected 
from among CS^, (CH^ CHCR^, PhtN(CH 2 ) 3 , C^-CH-CH^, benzyl-, 

0 

II 

nitrilomethylene-, C^-O-C-C^-, C^OCH^. CH^SCR^-, CH^P-, CHF 2 - 

O 

CF 3 -. CH 2 C1- , CF 2 Br-. PhtN(CH 2 ) 2 ) , CHgC-SCCH^. HSCCH^-. or 

(CH,) 0 CH-CH- 

3 2 I 

C-0 

I 

0C 2 H5 

There are also known aminoacids, and esters or primary amides 
thereof in which vhen R g is hydroxymethyl, R x may bo methyl, 
ethyl, isopropyl, isobutyl, phenyl, benzyl or methylthioethyl . 
It .is contemplated that reactants of the general formula 

y 

C - C - NHR_ wherein 

I I 9 

*b *2 



^ is COOH may be utilized in lieu of 

Rg-C-MHRg in the coupling reaction with 
Ro 



-JU - 004t1;9 
- OH r its coupling product already described. 

In tch cases, R 
I* 

C - C-HHRq 

I \ 

may be, e.g, dehydroalanine, oc,£ -dehydrophenylalanine, 
vinylglycine or a known compound in which R fl and Rj^ are both 
methyl or ethyl or R & lfes phenyl or a substituted phenyl group 
such as 3,4 d taethoxyphenyl and R^ is methyl. In this instance 
various functional groups such as halo, hydroxy or znercapto 
groups and their -methylene analogs, may later be added to one 
or both carbons of the unsaturated bond via well -known and 
conventional- organic chemical procedures. * 

Many suitable variations in Rg-C-NHj vill readily occur 

to those of ordinary skill in the art. 

It is to be understood that Rg-C-NHRg, including any of those 

specifically named, may be used as HIL^CC^) -C-COOH in processes 

herein disclosed when *Rg is H and R 2 is COOH. In such cases, R^ 
becomes R^ v and Rg becomes ? 7 and m»0. 

0 0 
«i tt 

Compounds R^C-COOH or R^C-COOH used in any of the 
procedures disclosed herein may be selected from known keto 
carboxylic acids, including but not limited to 

pyruvic acid, 

phenylpyruvic acid, 
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3- cyclohexyl-2-oxoprop j:r..c acid, 1 
6-iaethyl-2-oxoheptanoic acid, 

4- inethyl-l-oxopentanoic acid, 

2- oxobutyric acid, 

3- methyl-2-oxobutyric acid, 
2-oxoglutaric acid, . 
2-oxoadipic acid, 
2-oxo-4-phenylbutyric acid, 

4- (3 -indolyl) -2-oxobutyric acid, 

N- a c etyl amino ethyl - 2 - 020 -4-pheny lbutyra t e , 

dimet±ylami2iQet±iyl-2-oxo-4-pbenylbi2tyrate , 

2-oxo-5-methyihex8noate, 

phenoxypyruvic acid, 

phenyl thiopyruvic acid, 

4 - p - chl or oph enyl - 2 - oxobutyrat e , 

indole-3-.pyruvic acid, 

2- oxo- 3 -p - cy anoph enylprop ionat e , 
4-o£-naphthyl-2-bxobutyrate 
4-(3,4,-dichlorophenyl)-2-oxo-butyrate, or 

2-oxo-4-p-phenoxyphenylbutyric acid and others readily 
apparent to those of ordinary skill in the art. 

Another versatile method for synthesizing the compounds 
of this invention having a carbonyl or hydroxy- substituent on 
R^ or IU side chains involves the use of a dinzozncthyl inter- 
mediate. See for exazrple, Aldrichimica Acta 3 C4) , 9.(1970), 
an article available on request from Aldrich Chemical Co., 
Milwaukee, Wisconsin 53233, and 3oyer, J.H. et al Chem . Rev . 
£4, 1-57(1954). Typically a carboxylic acid is reacted with 
diazomethane via a mixed anhydride reaction: 

o 

R-C-OH + CH 2 N £ > R-C-CH 2 -N 2 
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The product is then reacted vith an acid such as HBr or HC 
in a solvent such as ethyl acetate, to f ra an<*-hal methy:- 
ketone, 



o 
it 



R-C-CH 2 -Br 

This product can then be reacted vith an equivalent of 
diethylformamidomalonate, then decarboxylated in aqueous HC1 to 
form derivatives of 2-amino-^j-keto carboxylic acid, that is 

o H 

compounds of the formula R-C-Q^-^-COOH . 

Such compounds of. the general formula can then be coupled vith 
compounds of the general formula O-C-C-N-cH-C-Rg in the presence 

of a reducing agent such as sodium cyanoborohydride to form 

compounds of this invention. Alternatively, RC-CHj-C-COOH 

o 

can be coupled with R.-C-C00H to form 

3 it 

L 

in. 



"3 

HC-HH-fc-COOH 



r 2 h 

[C-NH-C-* 
C00H 

vhich in turn may be coupled vith Pro in the presence of DCC or 
DPPA to form compounds of rhis invention. 

The diazomethyl intermediate can be formed vith virtually 

o 

any carboxylated organic compound, e.g., R-C-OH can be a 
difunctional amino acid, a trifunctional amino acid, any 



cdcarbo: lie acid c any carboxylic acid. Appropriate^pro- 59 
tecting ^oups cay te used as needed. Hydroxy derivatives are 
synthesized by conventional reduction of corresponding keto 
analogs . 

- This type of reaction is especially useful when R 
signifies a H00C-CH 2 -, HOCH 2 - or HSCH 2 -, it is contemplated in 
such instances that the named functional groups may be further 
reacted to form esters, thioesters, -ethers, ,, reverse ,, esters or 
thioesters, amides or "reverse" amides and the like. 

The compounds of this invention have one or more asymmetric 
cartons as indicated by the asterisks in the general formula. 
The compounds accordingly exist in stereoisomeric forms or in 
racemic mixtures thereof. All of these are within the scope 
of the invention. The above described synthesis can utilize j 
a racemate or one of the enantiomers as starting material. 
When the racemic starting material is used in the synthetic 
procedure or. a racemic mixture results from the synthesis, 
the stereoisomers obtained in the product can be separated by 
conventional chromatographic or .fractional crystallization 
methods. In general, the -"IS- isomer with respect to the carbon 
bearing Rj constitutes the preferred isomeric form. Also' the 
S- isomer with respect to the carbon bearing R 3 is preferred, 
as is the S- isomer of the carbon bearing R^. 

The corpounds of this invention form basic salts with 
various inorganic and organic bases which are also within the 
scope of the invention. Such salts include ammonium salts, 
alkali metal salts like sodium and potassium salts Cwhich are 
preferred), alkaline earth metal salts like the calcium and 
magnesium salts, salts with organic bases, e.g., dicyclohexyl- 
aaine, benzathine, K-methyl-D-glucamine, procaine salts. 
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salts vith amino acids like argini ., ysine :ad the like. 
The non-t xic, physi logically acci >t; :>le sal:s are preferred. 

The salts are formed in convex: clonal manner by reacting 
the free acid form of the product vith one r more equivalents 
of the appropriate base providing the desired cation in «a 
solvent or medium in which the salt is insoluble, or in water 
and removing the water by freeze drying. By neutralizing the 
salt with an insoluble acid like a cation exchange resin in 
the hydrogen form (e.g.. polystyrene sulfonic acid resin like 
Dowex 50) or with aqueous acid and extraction with an. organic 
solvent, e.g., ethyl acetate, dicbloromethane or the like, 
the free acid- form' can be obtained, and, if desired, another 
salt formed. 

Additional experimental details are found in the examples 
which are preferred embodiments and also serve as models for 
the preparation of other members of the group. 

The compounds of this invention inhibit the conversion .of 
the decapeptide angiotensin I to angiotensin II and therefore 
are useful in .reducing or relieving angiotensin related 
hypertension. The action of the enzyme* renin on angiotensinogen, 
a pseudo globulin "in blood plasma, produces angiotensin I. 
Angiotensin I is converted by angiotensin converting enzyme 
(ACE) to angiotensin II. The latter is an active pressor 
substance which has been implicated as the causative agent in 
various forms of hypertension in various mammalian species, e.g., 
rats and dogs. The compounds of this invention intervene in 
the angiotensin ( renxr ^ y angiotensin I ^ ACE v> angiotensin II 
sequence by inhibiting angiotensin converting enzyme and reducing 
or eliminating the formation f the pressor substance 
angiotensin II. Thus by the administration of a composition 
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including their physiologically acceptable salts, angi tens in- 
dependent hyper t ens i n in the species of mammal suffering 
therefrom is alleviated. A single d se, r in some cases up to 
two to four divided daily doses , provided on a basis of 
about 0.03 to 20 mg. per kilogram per day, is appropriate to 
reduce blood pressure. The substance is preferably administers 
orally, but parenteral routes such as subcutaneous / intramuscuL 
intravenous or intraperitoneal ™™ also be employed. 

The compounds of this invention can be utilized to achieve 
the reduction of blood pressure by formulating them in 
compositions such as tablets, capsults or eliscirs for oral 
a dmin istration or in sterile solutions or suspensions for 
parenteral ad min istration. About 10 to 500 mg. of a compound 
or mixture -of compounds of formula I, including the physiologi- 
cally acceptable vehicle, carrier, excipient, binder, preserva- 
tive, stabilizer, flavor, etc., in a unit dosage form as called 
for by accepted pharmaceutical practice. The amount of active 
substance in these compositions or preparations is such, that 
a suitable dosage in the range indicated is obtained. 

Illustrative of the * adjuvants which may be incorporated 
in tablets, capsules and the like are the following: a binder 
such as gum tragacanth, acacia, corn starch or gelatin; an 
excipient such as dicalcira phosphate; a disintegrating agent 
such as com starch, potato starch, alginic acid and the like; 
a lubricant such as magnesium stearate; a sweetening agent suet 
as sucrose,- lactose or saccharin; a flavoring agent such as 
peppermint, oil of winter green or cherry. When the dosage 
unit form is a capsule, it may contain in addition to materials 

f the above type a liquid carrier such as a fatty il. 
Various other materials may be present as coatings or to. 
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Instance, tablets : y be coat id wtih shellac, sugar or both. 
A syrup or elixir my contain the active compound, sucrose as 
a sweetening agent, methyl and propyl parabens as preservatives, 
a dye and a flavoring such as cherry or orange flav r . 
Antioxidants may also be added. Suitable antioxidants are 
c{* tocopherol nicotinate, vitamin A, C, £ and analogs of vitamin 
E known in the art, retinal palpitate and other antioxidants 
known in the art as food additives such as the gallates. 

Sterile .compositions for injection can be formulated 
according to conventional pharmaceutical practice by dissolving 
or suspending the active substance in a vehicle such as 
water, a naturally occurring vegetable oil like sesame oil, 
coconut oil, peanut oil, cottonseed oil, etc., or a synthetic 
fatty vehicle like ethyl oleate or the like. Buffers 
preservatives, and the like can be incorporated as required. 

The present invention will be further described by the 
following examples. All temperatures are in degrees Celsius 
unless otherwise indicated. Molar equivalents of the reactants 
are usually utilized. 



Example 1 -23- 481 5S 

Synthesis of K- (l-carboxv-3-keto-5-phenvrt'ontvl) -Al; ^ 
thiazolidine-2-carboxylic acid 

A. Hydrocinnaoic acid. AO^moles, in ethyl ace-ate is 
r acted at -30°C with diazoaethane via the mixed anhydride 
reaction to yield l-diazo-2-keto-4-phenylbutane. The latter 
compound is converted to the desired product on reaction with 
HBr in ethyl acetate, and the product l-bromo-2-keto-4 
phenylbutane is isolated by fractional crystallization. 

B. The product of Step A, 10^ moles, in ethanol is reacted 
with diethylf o rt na mi i* nm a1 onate, 10^ moles, in the presence of KI, 
10 moles, and sodium eth03d.de, 10 ^ moles, at reflux temp for 
10 hours. The resultant compound is decarboxylated in 6N HC1. 
The product, the HC1 salt of 2 amino-4-keto-6 phenylhexanoic 
acid, is isolated by crystallization from I^O/ethanol. 

C. The product of -Step B, 20 moles, in ethanol/H 2 0 
containing molecular sieves and 2 equivalents of NaHCO^, is 
reacted with 200 moles of pyruvoyl-L-thiazolidine-4- 
carboxylic acid in the presence of 22 moles of sodium 
cyanoborohydride for 24 hrs. at room temperature. The desired 
product , N- (l-carboxy-3-ksto-phenyl-5pentyl) -Ala-L-thiazolidine- 
4-carboxylic acid, is obtained by conventional chromatography. 

Example 2 

Synthesis of N-q- carboxv-l-aathyi-3-keto-5^phenyl-pentyl)-Ala- 
L-thiazolidine-4-carboxylic acid 

A. Hydrochloride solution of the methylester of 2-amino-4- 
keto-phenyl hexanoic acid from Step B, Example 1, 30 /mols and 
6.36 g. (60 m. mols) of freshly distilled benzaldehyde in 
20 m. of methylene chloride is cooled to 0°C. and there is 
slowly added a aolution f 3.03 g. (30 m. mols) of triethyl 
amine in 7 ml. of methylene chloride. The reaction mixture is 
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allowed :o stand osrernight at room temperature with stirring. 
After removal £ the solvent, the residue is taken up in ethyl 
acetate. The il is washed with water and saturated soditcn 
.chloride and then dried over magnesium sulfate and concentrated 
to give the methylester of 2-(bsnzylidene amino) -4-keto- 
6-phenyl-hexanoic acid. 

B. To a solution of lithium diisopropyl amide (20 m. 
mols) in tetrahydrofuran, cooled to -73 °C. and magnetically 
stirred under a hlanket of nitrogen, is added a solution 

of 18 m. mols of the methylester of the product of Step A 
hereof in 30 ml. of tetrahydrofuran. At the end of the 
addition, the cooling hath is replaced by <a warm water bath. 
When the temperature of the reaction mixture reaches 40°C. 
the nitrogen inlay is replaced by an expandable ballon. 
The reaction mixture is then saturated with iodoaethane 
by passing a rapid stream of iodomethane through the solution 
while the temperature is maintained between 40° and 50°C. 
After the mistnre is slurried for one hour under a freon 
atmosphere, the mixture is quenched with brine and extracted 
with ether to give — the-methylester of 2 methyl-2- (banzylidene 
amino) -4-ke t o - G phenyl acid. 

C. A mixture of the product of Step B in 10 ml. of 
ether and 55 ml. of"2N aquesus KC1 is vigorously stirred 
at room temperature for three hours. The aqueous phase 
is decanted, washed -with ether and concentrated in vacuo. 
The crystalline residue .is washed with methanol and ether 
to give the methylster of 2-amino-4-keto-2-methyl-6-phenyl 
hexanoic acid. 
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E : -moles 3 - > 
Example 1 is repeated sev ral times, substituting for 
pyruvoyl-L-thiazolidi_ne -4-carL oxylic acid in step C an acid 
as shown in column A. The product is analogous to that of 
Example 1 but has the R 3 group shown in colunn B: 



Example . A 



B CR 3 ) 



3 3-phenylpyruvoyl-L- , — i 

thiazolidine-4-Carboxylic acid (f ^-CH 2 - 

4 -keto-4-phenylbutyryl-L- /^-CS cs 

thiazolidine-4-carboxylic acid \=/ CS 2 C3 2' 

5 -keto-glutaryl-L-thiazolidine- H00C-CH,CH. 

4-carboxylic acid 2^2 

Examples 6-8 

Example 2 is repeated several times, substituting for 
pyruvoyl-L-thiazolidine-4-carboxylic acid in Step B thfe acids 
of Examples 3 - 5. Each of the products differs from the 

analogous product of Examples 3 -5 respectively in that R e - 

o 

methyl in each of them. 

Exazaples9 - 1Q2 

^^JLLff i re ? eated a of tloes . substituting for 

Exaaple 1 is repeated a number of times, substituting for 

pryuvoyl-L-thiazolidine-4-carboxylic acid in Step C an acid as 
shown in Column A. The product in each instance contains the 

CH 2 -C-(CH 2 ) 2 H^ 
H-C — H — CH- C- 

lis 



COOH CH 3 0 



-35- 
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-36- 



group of Example 1, but t is moiety is as shown in 



column B: 



Ex. No. 



9 - pyruvoyl-L-Pro 



10 - pymvoyl-L- Glu 



11 - pyruvoyl-4-keto-L-Pro 



12 - pyruvoyl-3-keto-L-Pro 



13 - pyruvoyl-4 hydroxy-L-Pro 



14 - pymvoyl 3 hydroacy-L-?ro 



B 



-N CH-COOH 



CH-COOH 



COOH 



°]0 

-N— CH- 
-N CH- 

n- 

-N CH-COOH 

OH 

-N CH-COOH 

-H CH-COOH 



15 - 



pyruvoyl -L-ezetidine-2-carboxylic -N ■CH-COOH 

acid 



16 - 



17 - 



18 - 



19 - 



pyruvoyl-L-pipecolinic acid 
pyruvoyl- A-me thoxy-L-?ro 
pyruvoyl -4-brcsno-L-?ro 
pyruvoyl -3 -me thoxy-L-Pr o 



-N CH-COOH 

rr 

-N CH-COOH 

-N —CH-COOH 
— CH-COOH 
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Ex. No. 



B 



20 - pyruvoyl-4-brouio-L-Pro 



21 - pyruvoyl-3-fluoro-L-Pro 



22 - pyruvoy 1 - 5 - fluor o -L-Pr o 



23 - pyruvoy 1 - 5 -ne thoxy-L-?ro 



24 - pynxvoy 1 - 5 -hy dr o^cy-L-Pr o 



25 - pyruvoy 1 - 5 - io do -L-Pr o 



26 - pyruvoy 1 - 5 -br omo -L-Pro 



27 - pyruvoy 1 - 5 - chlor o-L-Pr o 



-28 - pyruvoy 1 -4- chloro -L-Pro 



29 - pyruvoy 1-4- fluor o-L-Pro 



30 - pyruvoyl-4-iodo-L-Pro 



31 - pyruvoyl-3-chloro-L-Pro 



32 - pyruvoy 1 - 3 - f luoro -L-Pro 



33 - pyruvoyl-3-iodo-L-Pro 



-H CH-C00H 



COQH 



C00H 



-N CH-C0OH 

-N — CH-COOH 
-N — CH-C00H 



-N CH- 



C00H 
-H — CH-C00H 
-N — CH-COQH 

-H CH-COOH 

-N — CH-COOH 

-N CH-COOH 

-N — CH-COOH 

rv* 

-N CH-COOH 



- L>C 



34 - pyruvoyl-3-hyaroxyZ.Glu 

35 - pyruvoyl-3,4-dihydroxy-L-Pro 

36 - pyruvoyl-3, 5-difluoro-L-?ro 
. 37 - pyruvoy 1-3, 4-diodo-L-Pro 

38 - pyruvoyl-4 t 5-dichloro-L-Pro 



•N CH-COOH 

-N — CH-COOH 
-N — CH-COOH 
-H — CH-COOH 
-N CH-COOH 



39 - pyruvoy 1 - 3 - chl or o -4-br omo -L- Pro -N — CH-COOH 



40 - pyruvoyl-3 f 5-dibroino-L-?ro 



*-H CH-COOH 



41 - pyruvoyl-3-f luoro-5-*ydro3cy-L-Pro -N — CH-COOH 

42 - pyruvoy 1 - 3 - chlor o - 4 -hy dr oxy-L-Pr o -H — CH-COOH 

i 

-N — CH-COOH 



43 - pyrwoyl-4-insrcapto-L-Prcf 

44 - pyruvoyl-3-thio-L-Pro 

45 - pyruvoyl-3-thioxo-L-Pro 

46 - pyruvoyl-4-thioxo-L-?ro 

47 - pyruvoyl-5-thio-L-Pro 

48 - pyruv yl-S-thioxo-L-Pro 



-N CH-COOH 

-H — CH-COOH 
it 

-N — CH-COOH 

-M CH-COOH 

-N — CH-COOH 
if 



Ex. X, . 



^ > 

50 - pyruvoyl-N — CH-COOH 

51 - pyruvoyl-N — CH-COOH 



52 - pyruvoyl-N — CH-COOH 
1-N— CH-I 



53 - pyruvoyl-N- 



-COOH 



54 - pyruvoyl 



-N — CH-i 



COOH 



B C 3< 81 

O 

-N CH-COOH 

-N — CH-COOH 
-N — CH-COOH 
-N — CH-COOH 

B 

-K — CH-COOH 
-H — CH-COOH 
-N — CH-COOH 



55 - pyruvoyl - 3 - c arboxy-L-Pro 

56 - pyruvoyl- A -phenyl thio -L-Pro 

57 - pyruvoyl-5-hydroxyphenyl-L-Pro -N — CH-COOH 

58 - pyruvoyl - 3 -phenoxy-L-Pro -H — CH-I 




-COOH 



59 - pyruvoyl-5-benzyloxy-L-?ro -H C 

Yv* 

60 - pyruvoyl-3 -methyl thio-5-keto-L-Pro -H — CR-I 



-H — CH-COOn 

coon 



61 - pyruvoyl-4-guanidino-L-?ro -11— CH-< 

62 - pymvoyl-3-aminonsethyl-L- 

pipecolinic acid 

63 - pyruvoyl-4-methylthio-L-- 

pipecolinic acid 



-NH-C-NH 
s ti z 



NH 
COOH 




^ — CH-COOH 
.-N — CH-COOH 
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Ex. mo. £ 

64 - pyruvoyl-3-Bethylauino-L-Pro -iOcH-COOH 
65- pyruvoyl-5-phenyl-L-Pro ^-OrH-COOH 
66 - pyxuvoyl-4-propyl-L-Pro -N^CH-COOH 



67 - pyruvoyl-3-aethyl-L-Pro -N^— CH-COOH 

68 - pymvoyl-4-methylene-L-Pro . -S^CH-COOH 

69 - pyruvoyl-3-bea2yloxy.4-keto-L.Pro -H— CH-COOH 

70 - pyruvoyl-4-benzylthio-3-keto.L-Pro -K- CT-COOH 

71 - pyra^yl-5-acetoxy '^"^Ox-COOH 

Hff, o»i 

72 - pyruvoyl-3.4-dihydrosy-L- -H— CH-Coow 

azetidine-2-carboxylic acid CH-COOH 

. eli 

73 pymvoyl-3-hydroxy-L-a 2e tidiBe-2- -N — CH-CnnH 

carboxylic acid CH-COOH 

74 - pyruvoyl-4-hydroxy-L-a=etidine-2- -N — CH-COOH 

-carboxylic acid Utt 1,0011 

I ,oCl<5 

75 - pyruvoyl-3-i=ethoxy-L-azetidine-2- -N— CH-COOH 

carooxylic acid UU0H 

76 - pyruvoyl-4-a e thoxy-L-a 2 etidine-2^ 3 -t|3cH-C00H 

carboxylic acid DH 



77 - 



78 - 



pyruvoyl-3 , 4-dimethoxy-L- 
azetidine-2-carboxylic acid 



-N- -CH- 



0048- 

C00R 



79 - 



80 - 



pyruvoy 1 -3 - chl or o -4-fluoro -L- 
azetidine-2- carboxylic acid 



f\ \OL 

-K — CH-COOH 



fx * 



P ^lUit'i L d^° X °-^ etid ^ -if— "cH-COOH 



81 - 



82 - 



pyruvoyl-3-bromo-4-chloro-L- 
azetidine-2- carboxylic acid. 



pyruvoyl-3-hydroxy-4-iodo-L- 
azetidine carboxylic acid 



83 - pyruvoyl - 3 - iodo-4-bromo -L- 

azetidine-2- carboxylic acid 



84 - pyruvoyl-3-chloro-4-iodo-L- 

azetidine-2- carboxylic acid 



85 - pyruvoyl-3, 4 difluoro-Pip 

86 - pyruvoyl-4,5 dichloro-?ip 

87 - pyruvoyl-5.6 diiodo-?in 

88 - pyruvoyl-3, 5 dibromo-Pip 

89 - pyruvoyl-4-chloro-6-fluoro-Pip 



-N — CH-COOH 
-N — CH-COOH 

»f— I 1 

-N — CH-COOH 
-N— CH-COOH 
-N — CH-COOH 



a 




-N — CH-COOH 




-N CH-COOH 

-N CH-COOH 
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Ex. No. A 

91 - Pyruvoyl-5-fluoro-6-inethoxy-Pip 

92 - pyruvoyl-4-phenoxy-Pip 

93 - pyxi3Voyl-4,5-dihydroxy-Pro 

94 - pyruvoyl-3 , 5-dihydroxy-Pro 

95 - pyruvoyl-3 ,4-diiaethoxy--Pro 

96 - pyruvoyl-3-iodo-5-methoxy-Pro * 

97 - pyruvoyl-3-methoxy-5-broma-Pro 

98 - pyruvoyl-4-methoxy-5 chloro-Pro 

99 - pyruvoyl-5-mercapto-Pip 

100 - pyruvoyl-6-niercapto-Pip 

101 - pyruvoyl-4-mercapto-Pip 

102 - pyruvoyl-3-mexcapto-Pip 



B 



N-CH-COOH 
N-CH-COOH 
-N-CHCOOH 
-N-CHCOOH 



oei«3 

-N-CHCOOH 



-N-CHCOOH 
-N-CHCOOH 

0Ct*3 

-N-CHCOOH 



COOH 



-N-CHCOOH 
-s yi 

< > • 

N-CHCOOH 



-N-CHCOOH 



- ¥5- 
Exsmplet 103-196 



00481 59 



Examples 9-102 are each repeated using' each f the 
phenylpyruvoyl anal gs of each of the pyruvoyl compounds used 
in' Examples 9-102; In each instance a coxnp und is obtained 
vherein R. R_ 

R g -C-N-(CH 2 ) nj -C-C corresponds to 
.0 *2 V 

CH 2 -C-XCH 2 ) 2 -<5> 

1 V 2 l 4 | 5 S 

HC— N— CH— C- and the -K-CH -C-R, 
C0QH CH^fov 

moiety is the B moiety of the example being repeated. " 

Examples 193-290 
Examples 9-102 are again each repeated using each of the 
2-keto-A phenylbutyryl analogs of the pyruvoyl compounds of 
Examples 9-102. In each instance a compound is obtained 

^1H ^3° 
wherein Sj-C-S-(CH 2 ) n -C-C- corresponds to 

o "2 "7 

eve-coy-® g ^ 

HC HH CH — C- and the -N — CH — ER* 

cooh (ch 2 ) 2 /o) 



moiety is the B moiety of the particular example repeated. 

Examples 291-384 
Examples 9-102 are each again repeated, replacing the 
pyruvoyl compounds of Examples 9-102 vith their respective 

*-keto glutaryl analogs. In each instance the compound obtained 

o 

CH 2 -C- C CH 2 ) 2 -<5> 

contains the structure HC HH CH c- 

COOH (CH 2 ^ C-0H 
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and the -N CH x C-Jlg moiety c rresponding to B f the 

repeated example. 

Example 385 

Treatment f any of. the intermediate products from 
Step B of Examples 9-384 according to Example 2 produces the 
1- methyl derivatives of each of the final products of 
Examples 9-384 respectively. 

Examples 386-410 

Example 1 is repeated a number of times, substituting 
for hydrocinnamic acid each of the acids from Column A below f 
yield a product of the general formula 

HC NH CH C N CECOOH 

I 

COOH 

wherein is in each case as shown in Column B. 

Ex. Column A 

386 benzoic acid 

387 p-hydroxybensoic acid 
. 388 . p-methoxybenzoic acid 

389 o-hydroxybenzoic acid 

390 p-fluorobenzoic acid 

391 m-bromobenzoic acid 

392 m-bromophenylacetic acid 

393 2-phenylprcpanoic acid 



Column B 



-CH 2 



-S-<£> 

o 
o 

-CH ? -C-<13 V >OCH 3 
o HO 

-CH 2 -C-<'o> 



° Br 

<3 



-CH 2 



Br 



-CH 2 -C-CH 2 



-CH 7 -C-CK 7 -CH 7 -{o) 
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Colin _ Coli=n B 

aceti acid -Q^-C-CH^ 

o 

propanoic acid -CH^-C CH 2 CH 3 



butyric acid -C^-C- (CI^^ CH^ 

o 



isobutyric acid -CH^-C-CH- (^3)2 

o 

pentanoic acid ^2^5* ^2^3 CT 3 

o . 

isopentanoic acid -CI^-C-C^ CH-CCH^^ 

o 

2 aminoacetic acid -CB^-C-C^NB^ 



tt 
O 



3 azainopropanoic acid -G^-C-GE^ CT 2 ^2 



3-hydroxypropanoic acid -CH o -C-CH o CH o 0H 

Z ti z z 

o 

cyclopentanecarboxylic acid -C^-C-^^ 

o 

cyclohexanecarboxylic acid -CI^-C-^ ^ 



/ 3 



3 , 3-dimethyiaai^opropanoic -CH 0 -C-CH~CH-N 
acid 2 « 2 fc H 



3-methylthiopropanoic acid -CI^-C-Cl^-CHjSClLj 



3-ethylthiopropanoic acid -CH 2 -C-(CT 2 ) 2 ~S-CH 2 CH 3 
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Ex, C luan A - Col an B 

408 phenoxyacetic acid -CH 2 -C-CH 2 -0-^£^ 



409 



o 

benzyl xyacetic acid -CH-C-C^OCB^-^Q^ 



410 phenylaminoacetic acid -C^-C-C^NH-^Q^ 

o 

Any*". -amino group- containing diamino acid nay be used in 
Step B if an appropriate protecting group-e.g. t Boc or Cbo is 
first reacted therewith. In such a case, the amino group formed 
in Step B of the procedure must be reprotected prior to reaction 
with R- 0 R, Rc rt 

' .C — C — N CH — C— R A as in Step C. 

Procedures for deprotection of HI^ groups, well known in the 
art 9 can be used after Step C. 

In addition, any of the pyruvoyl, ph enypyruvoy 1 , -ke t o - 4 - 
phenylbutyryl or glutaryl compounds of Examples 3-5 and 9-385 
may be substituted for pyruvoyl-thiazolidine-2-carboxylic acid 
in each of Examples 386-410. 

Example 411 

Synthesis of M- (1 - carb ozcv - 2 - ssnrvlthio- 2 , 2 - dime thy 1- ethyl ) - 

c(-ine thy 1 - Ala -L-Pro - ami d e 

3.2 g. of powdered nolecular sieves are added to a solution 

of 5 mmoles of 3-benzylthio-3 ,3-dimethylpyruvic acid and 1 mmole 
©<-methyl-alanyl-L-proline amide in.10 ml of ethanol.and 5 mmoles 
of NaHC0 3 in water. The misture is stirred for 30 minutes, and 
then 130 mg. of sodium cyanoborohydride in 2 ml of ethanol 
is added dropwiee with stirring over 4 hours. 



0048159 

s ives are removed by filtration. Solvent is removed under 
v. :uum and the product is dried over NaOH and ?2^5 P e ll ets *n a 
V£f:uum desiccator. The named compound is' obtained in pure f rm 
by conventional chromatography. 

Example 412 

Synthesis of N-(L-1 -m e thoxy c arb onyl —2 *p -b enzy 1 oxph en ethvl ) -Ala— 
L-Pro-methyl ester 

The HC1 salt of O-benzyl-L-tyrosine methyl ester (2 mmols) 
in 7 ml of absolute ethanol plus 0.25 ml of water was mixed 
with 2 mmols of NaHCO^ . To this solution was added 10 mmols of 
N-pyruvoyl-L-proline methyl ester plus 3.2 g. of powdered 
molecular sieves. The mixture was stirred for 30 minutes 
then sodium cyanoborohydride, 130 mg. in 2.5 ml of absolute 
ethanol, was added dropwise, with stirring, over a period of 4 
hours at room temperature. The mixture was stirred overnight. 
The molecular sieves were removed by filtration and the 
precipitate was washed with a small amount of ethanol. * The 
solvent from the combined filtrates was removed under reduced 
pressure to yield an oil. Part (0.38 g.) of the crude product 
was purified by partition chromatography (1.2 x 98 cm. column) 
with Sephadex 6-25 equilibrated butanol/acetic acid/H 2 0(4:l:5 
by volume). The product (277 mg.) was eluted with upper phase. 
The recovered material was further purified on Sephcdcx LH-20 
(2.2 x 100 cm. column), equilibrated and developed with 
tetrahydrofuran/iacpropanol (3:7 by vol.). 

Example 413 

Synthesis of N- (L-l-carboxy-2-p-benzvloxvnhenethyl)-Ala-L-Pro 

The product of Example 412, 330 mg., was saponified in 
1.5 ml. of 1 M KOH in methanol at room temperature for 1 h ur. 
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The crude product vas purified by partition ch .ography as 
described in Example 412 (Sephadex G-25 step). *";e partially 
purified product vas obtained in apparently pu: xorm by 
chromatography n Dowex 50W-X8 (1.2 x 48 cm. cc urn) eluted vith 
27. pyridine. 

Example 414 

Synthesis of M-(L-l-carboxy^2-p-hydroxyphenylethyl)- 
Ala-L-Pro ^ 

The product of Example 413, 10 mg. in 1.0 ml. methanol. - 
vas hydrogenated for 5 hours at room temperature vith hydrogen 
gas at 10 psi and vith 10 mg. of 101 palladium on carbon as 
catalyst. The catalyst vas removed by filtration , and solvent 
vas removed vith a rotary -evaporator; The material vas further 
purified by chromatography on Sephadex 6-10 (1.2 x 99 cm.), 
equilibrated and developed vith 2% pyridine. The. desired 
product vas obtained in a yield of 5.8 mg. 

Example 415 

Synthesis of N- fL-l-carboxy-2- (p-hydroxy-3-iodo-phenyl) - 
ethyl] -Ala-L-Fro 

To a 12 x 75 mm. polypropylene tube vas added 2.2 nsnols 
of lodogen (Fierce Chemical Co.) in a 1.0 ml of dichlorome thane. 
As the tube -vas rotated, the solvent vas removed vith a stream 
of dry nitrogen. The product of Example 414, 1.02 mg. , and 
sodium iodide, 37 micrograms , vere dissolved in 1 ml. of 0.05 
M sodium phosphate buffer, pH 7,4, and the solution vas trans- 
ferred to the polypropylene tube. The tube and its contents 
vere left in an ice bath for 10 minutes vith occasional mixing. 
The solution containing the desired product vas then transferred 
to a 12 x 75 mm. glass culture tube. 
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Alternatively, the named compound can be obtained I 
substituting 3-iodo-L-tyr sine methyl ester for 0-benzy3 -L- 
tyrosine methyl ester in the procedure of Example 412. The 
dimethyl esters f the resulting pr duct are removed by 
saponification in 1 M KOH in methanol at room temperature for 
1 hour. The named compound is obtained by chromatography over 
a column of Sephadex G-10 equilibrated and developed with 2% 
pyridine. The dry powder ia obtained by lyophilization. 

.Staple 416 

Synthesis of N-(l-carboxT-2-hvdroxy-2-phenylethyl)-Tyr-4- 
hydroxy-L-Pro-t-butvl ester 

3.2 g. of powdered molecular sieves are added to a solution 
of 2 nraols of -phenylxevina and 10 mmols of N- (2-oxo-3-pr 
hydroxyphenylpyruvoyl)-L-A-hydroxy-Pro-t-butyl ester In 7 ml. f 
absolute ethanol with 2 mmols NaHCO^ water. The mixture is 
stirred for 0.5 hours. Sodium cyanoborohydride, 130 mg. In 
2 ml. of absolute ethanol, is added dropwise with stirring over 
8 hours. The mixture is stirred overnight. The molecular 
sieves are removed by filtration and are washed with ethanol. 
The solvent is removed under reduced pressure. The residue Is 

triturated with diethyl ether at 0°C. . and the product is 

dried 

collected by filtration. The product is -dired- over NaOH and 
PjOij in a vacuum desiccator. The named compound is obtained by 
conventional chromatography. 

Example 417 

Synthesis of K-(l-carboxy-2-hvdroxy-2-phenethyl)>TTr-L-Pro 

The product of Example 416 is dissolved in 3 ml. of 
anhydrous trif luoroacetic acid. After 30 minutes at room 
temperature, the solvent is removed to yield the named compound 
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Exam ple 418 

Synthesis o _N- (1-eth xycarbonyl-2-hydroxy-2-phenylethyl)- 
Tyr-L-Pro-t-buty! ester 

By substituting the ethyl ester f £ phenylserine for 
p phenylserine in Example 416. the named compound is obtained. 

Example 419 

Synthesis of N- (l-ethoxycarbonyl-2-hydroxy-2-phenethyl) - 
Tyr-L-Pro 

Tne product of Example 418 is dissolved in anhydrous 
trifluoroacetic acid at room temperature. After 30 minutes the 
trif luoroacetic acid is removed with a rotary evaporator under 
high vacuum to yield the named compound. 

Example 420 

Synthesis of N-(l-carboxy-2-hydroxy-2-phenylethyl)- 
Tyr-L-Pro-t-butyl ester 

The product of Example 418 is dissolved in 3 ml. of 0.5 K 
HaOH in ethanol. After 1 hour at room temperature, the solution 
is neutralized, and the named compound is recovered by 
. conventional chromatography. 

Example 421 

Synthesis of N-(L-l-gthoxycarbonyl-2-hydroxybutyl)-Trp- 
o(-methyl-L-Pro-t-butvl ester 

^-hydroxy-L-norvaline-oC-ethyl ester, 2 mmols, is dissolved 
in a solution of 10 nzois of N- (3- Indole-pyruvoyl) -^-methyl -L- 
proline-t-butyl ester in 10 ml. of absolute ethanol. Powdered 
molecular sieves 3.2 g., are added with stirring. After 30 - 
minutes, 130 mg. of sodium cyanoborohydride in 2.5 ml. of 
absolute qthanol is added dropvise over a period of 4 hours. 
The mixture is stirred at room temperature overnight. The 
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filtrate is removed by evaporation undc.-,; high vac: aa. The 
desired compound is obtained by conventional chromatography. 

Example 422 

Synthesis of N-(I-l-ethoxycarbonyl-2-hydroxybutyl)- 
Trp-D(-methyl-L-Pro 

The product of Example 421 is treated with anhydrous HF 
in the presence of anisole to yield the named compound. 

Example 423 ^ 
Synthesis of N- (L-l-carboxy-2-hydroxybutyl) -Trp-g<- 
methyl-L-Pro 

The product of Example 422 is saponified in 1 M KOH in 
methanol under argon for 1 hour to yield the named compound. 

Example 424 

Synthesis of N"(l-carboxy*2-mercapto-2 > 2-diiaethylethyll-g < 
-methyl -Ala-L-Pro-amide 

The product NCl-carboxy-2-ben2ylthio-2/2-dimethylethyl)-oC 
-methyl Ala-L-Pro-amide obtained in Example 411 is treated with 
anhydrous EF in the presence of anisole to yield the named 
compound* 

Example 425 

Synthesis of N-Cl-methTl-l-phenyltMocarbonyl-m-nitro-p- 
hydroxy-phenylethyl) -N -3oc-Lys-L-2 , 3- A -Pro- t-butyl ester 

By substituting H-(?J -3oc-amino^-nxohexanoyl)-2 t 3-dehydro- 
L-proline-t-butyl ester and l-aethyl-3-nitro-L-tyrosine-K-thio- 
penyl ester as reactants in the procedure of Example 416; the 
named compound is obtained. 

Example 426 

Synthesis of N-(l-methyl-l-l-thiocarbonvl-o-nitro-p- 
hydroxy?henyl-ethyl)-E -Boc-Lys-2.3^ 4-L-Pro- t-butyl ester 

The product of Example 425 is treated with NaSH to yield I 
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' Example %1T ; 

* *£T itherai's of *N--(1 ""methyls ^hlocatbox/^-tiitYo^b- *' 

h » / JroXy-phenyl eth yl'M,Ys'-V-Pro 

The product of Example 426 is issolved in anhydr us 
trifluoroabetic acid in the presence f anisole and. allowed 
5 to stand for 30 minutes, to yield the named compound* * 

Exampl e' 42B / 
Synthesis of >N-(1-methyl'-T-phenylthi'ocarbonyl*-m- 
. ni-tw-p -h ydroyyphenyl^hyl')'-Lya-2' f 3-dahyrfro -t- ' 
proline' * 

10 The product of Example '425 is treated with trifluoro- 

acetic acid as in Example 427 to yield the desired compound. 

Example 429' 
Synthesis of N-'Cl-cayboxV-T-Tnethyl-m-^ 
hydyoxyphettyTehtyr^^^ 
15 *L -p r oil H e - 1 - bu ty 1 - e s t ey * * 

Through 'the procedure of Example 416, a-raethyl-m-nitro-L 
tyrosine is reacted with N-(-5-Boc-amino-2-oaoglutaryr) , -3- • 
hydroxy-L-proline diphenyl methyl ester to yield the named 
compound. 

20 Example 330' 

Synthesis of N-(1 -carboxy-1 -methyl -m-ami"n'o-p- •* 
hydroxyph'enylethyl-Tau(jr>-t"-bUtyl "ester )-3-hydroxy- 
L-proline'-t-rtiutyl' ester * 
The product of- Example 429 in ethanol is hydrogenated , using 
25 10% palladium .on charcoal as catalyst, -in hydrogen at "30 psi 
for 3 hours. The catalyst* :is removed by filtration, and 
solvent is removed under reduced pressure to yield the named 
compound. 

Example' ^431 . 

30 Synth'esis-bT N-~ (T-carboyy'-l Wm'ethyl -m-amift'o-p- ' 

hydroxy Hphenyl'ethyl )-GlU-3'-hydroxy-t-1 > r'o' > > 
The. product of Example 430 is dissolved in anhydrous 
trifluoroacetic acid. After 30 minutes at room' temperature, 
solvent is stripped to yield the named compound. 
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e xample 43.' : - £"3 - 
Synthesis of N-d-carbmcv -l-nethyl-n-nitro-p-hydroxv- 

phenylethvl)-Glu-3-hydroxy-L-Pro 

The product of Example 429 is dissolved in anhydrous 

trifluoroacetic acid. After 30 minutes at room temperature, 

trifluoroacetic acid is removed under high vacuum to yield the 

desired product. 

Example 433 

Synthesis of N-d-carboxv- a^^-trimerhvlethyl Wo_ 
ben2y])-Tvr-2-fIuoro-L-Pro ethy l M fAr 
i| By reacting L-tri-leucine with benzyloxyphenylpyruvoyl-2- 

;i fluoro-L-Pro ethyl ester according to the procedure of 
Example 416, the desired compound is obtained. 

Example 434 

Synthesis of N-(l-carboxy-2.2. 2-triaethvl g thyl>-Tvr-2- 
fluoro-L-Pro ethyl ester 

The product of Example 433 is hydrogenated with 101 
palladium on charcoal as catalyst and with hydrogen at 15 psi 
for 3 hours. -The catalyst is removed by filtration to yield 
the named compound. 

Example 435 

Synthesis of N-O -rarboxv-2.2 T 2- trim e thvl e thvl)-o-ben Z yl- 
Tyr--2-fluoro-L-PTn 

The product of Example 433 is saponified to yield the 
desired compound. 

Example A3 6 

Synthesis of w- (l-earboxv-2 t 2.2-trlaethylethvl>-Tvr-9- 
fluoro-L-Pro 

The product of Example 434 is saponified to yield the 
named compound. 
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Example 437 

Synthesis of K-(l-ethoxycarhonyl-3-phenylpropyl)-DL-Ala- 
pyr glutamic ecid 

A. L-pyroglutamic acid (35 mmols) is suspended in a 
mixture of 35 ml. of propylene oxide and 210 ml. of dry ace- 
tonitrile at room temperature for 15 minutes. Pyruvic acid 
chloride (36.8 mmols) is added and the reaction mixture is 
stirred for about 12 hours. The mixture is then chilled in an 
ice bath and slowly treated with 35 ml. of 1 N HC1 and stirred 
for 5 minutes. Acetonitrile is then removed in vacuo and the 

! resulting residue -is dissolved in 500 ml. of ethyl acetate. 
The organic phase is washed several times with 50 ml. portions 
of water and then with saturated NaCl solution. The product 
is dried over anhydrous MgSO^ and then any res idual solvent is 
removed in a rotary evaporator. The resulting product is 
N-pyruvoyl-L-<Glu . 

B. A solution of L-homophenylalanine ethyl ester 
(10 mmols) , N-pyruvoyl-L-pyroglutamic acid (50 mmols) in a 

-.mixture of 20 ml. of water and 50 ml. of .p-dioxane is prepared. 
'IThe pH is adjusted to 6.5 -with NaOH and 1.9 g. of sodium 
' cyanoborohydride is added. The mixture is stirred at room 

temperature for several days. 

This solution is then charged to a Dowex SOW - 8ft. 
.column prepared with 507. p-dioxane and water. The material is 

washed with 507. p-dioxane-water and then with water, and eluted 
".with 27. pyridine -in water. The product fractions are combined and 
"concentrated to dryness in vacuo to yield the named product. 
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Example 438 " 
Synthesis f N-(2-ket o-4-ben2ylmercaptobutanoyl)-5- 
thiox -L-proline diphenyl-methyl ester 

To a solution of 1.6 aols mnols of 5-thio-L-proline 
diphenylmethyl ester in 10 al. of methylene chloride cooled in 
an ice bath under a blanket of nitrogen is added 1.56 mmols of 
triethylamine acid followed by a solution of 1.62 mmols 
of 4-benzylmercaptobutanoyl chloride in 12 ml. of methylene " 
chloride over a ten minute period. The reaction mixture is 
stirred at 4°C overnight. The reaction mixture is then mixed 
" with 100 ml. of ethyl acetate and washed with 20 ml. of 101 
potassium sulfate twice and then followed by water, saturated 
sodium bicarbonate and saturated HaCl! The organic phase is 
then dried over anhydrous MgS0 4 and filtered. The solvent is 
removed with a rotary evaporator to yield the named product. 

Example 439 

Synthesis of N-fl-butoxycarbonyl-3-phenylpropvl)-D T L-S.. 
benzyl-homocystein vl-5-thio-l-proline diphenyl methyl ester 

L-homophenylalanine-t-butyl ester (5 mmols) and N-( -keto- 
4 -benzyl-mercaptobutanoyJ-5-thio-L-proline diphenyl methyl 
ester are dissolved at roo= temperature under nitrogen in 20 ml. 
of ethanol with vigorous stirring. Thereupon 8.0 g. of molecular 
sieves are added and the =i3ture is stirred at room temperature 
for 30 minutes, followed by the addition of 0.325 g. of sodium 
cyanoborohydride in 7.5 ml. of ethanol over a period of -4 
hours. The reaction mixture is further stirred at room tempera- 
ture overnight. The molecular sieves are then removed by 
filtration and the solvent is removed in a rotary evaporator. 
The product is then purified with Sephadex LH-20 on a column 
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and eluted with tetrahydrofuran/isopropanol (3:7) ro yield 
the named product. 

Example 440 

Synthesis of N-(L-l-carboxy-3-phenylpropyl)-D t L-benzyl- 
homocysteinyl-5-thio-L-proline 

A solution of 1.0 ssaols of the product of Example 439 
and 1.5 ml.* of anisole in 10 ml. of methylene chloride Is cooled 
in an ice bath under nitrogen and treated with 5 ml. of trifluoro 
acetic acid. The reaction mixture is kept at ice bath tempera- 
ture for 1 1/2 hours. It is then concentrated in vacuo and the 
crude product is dried in a vacuum desiccator over P2°5 KOH 
overnight, whereupon the desired product is obtained. 

Example 441 

Synthesis of H- (L-l-carboxy-3-phenylpropyl)-D»L- 
homo cy s t e iny 1 - 5 - thio -L- Pr o 

The product of Example 440 (0.5 mmols) in 1 ml . of anisole 
and 5 ml. of anhydrous 1IF is stirred at 0°C for one hour. The 
HF and anisole are removed under vacuum, and the product Is 
dried in a vacuum desiccator in the presence of K0H and ?2 Q 5' 
The named product is recovered. 

' Example 442 

Synthesis of N- (l-carboxy-3-phenylpropyl)-D.L-Ala-5- 
oxo-L-Pro 

The synthesis of Ex2=?le 437 is repeated us xng L — homo — 
phenylalanine t-butyl ester instead of L-homophenylalanine 
ethyl ester. The product is N-(L-l-t-butyloxycarbonyl-3- 
phenylpropyl)-D,L-Ala-pyroglutamic acid. This product is then 
subjected to the action of trifluoroacetic acid at room 
temperature to convert it to the named compound. 
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Example 443 

Synthesis of N- (3- (3-indolyl)-2-ox butvroyl)-L-4- 
benzyloxy-L-Pro-t-butyl ester 

A solution of 4-(3-indolyl) -2-oxobutyric acid (10 mraols) 
in 20 ml. of tetrahydrofuran is cooled to -25 °C. 10 mmols of 
N-ethyl morpholine in 2 ml. of methylene chloride is then added 
and this is followed by the addition of 10 rnnols of isobutyl 
chloroformate in 3 ml. of methylene chloride. The mixture is 
stirred at 20°C for 15 minutes. A saturated solution of 10 
nmols of L-4-benzyloxy-L-proline t-butyl ester in 5 ml. of 
methylene chloride is added and the reaction mixture is stirred 

i 

• at -15 °C for 2 hours and then at room temperature for another 
2 hours. The reaction- mixture is then taken up in 50 ml. of 
ethyl acetate and washed until neutral. The organic phase is 
dried over anhydrous MgSO^ and filtered. The solvent is removed 
with a rotary evaporator to yield the named compound. 

Example 444 

Synthesis of H-(L-l-ethoxycarbonyl-3-phenylnropyl)-D.L- 
homo- tryptophanyl-L-4-benzvloxyproline- t-butyl ester 

The procedure of Example 439 is repeated, substituting for 
L-hcmophenylalanine-t-butyl ester the compound L-homophcnyl- 
alanyl ethyl ester and substituting for N-(2-keto-4-beiizyl- 
mercaptobutyl)-5-thioproliiie diphsnyl methyl ester the compound 
N-4- (3-indolyl) -2-oxobutyrcyI-l-4-benzyloxy-L-proline-t-butyl 
ester, to obtain the named compound. 

Example 445 

Synthesis of N-(L-l-ethoxycarbonyl-3-phenylproovl)-D,L- 
homotryptophanyl-L-4-benzyloxyproline 

N- (L-l-ethoxycarbonyl-3-phenyipr pyl) -D ,L-hoao- trypto- 
phanyl-L-4-benzyloxypr line-t-butylester (100 mg.) and 1 ml. 
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iner cap toe than ol are tre; ec with 1 ml. f tri; ..uoroacetic acid 

for 30 minutes. The reaction mixture is then triturated with 

anhydrous ether, filtered and dried in a vacuum desiccator 

ver P^O^ and KOH to yield the desired compound. 

Example 446 

Synthesis of N- (L-l-ethoxycarbonyl-3-phenylpr opyl) -D . L- 
homotryptophanyl-L-4-hydroxyproline 

The product from Example 445 C50 mg.) is subjected to 
hydrogenolysis with 10 mg. of 107. Pd on charcoal in 2. ml. of 
methanol at atmospheric pressure for 2 hours. The named 
compound is recovered. 

Example 447 

Synthesis of N-(l-ethoxycarbonyl-3-pheriyl-propyl-0fr 
fluoromethyl)-alanyl-L-proline-phenylthio-ester 

A, A solution of Boc-*<-fluoromethyl -alanine (50 tamols) 
in 50 ml. of methylene chloride is cooled to -5°C. A solution 
of DCC (50 mmols) in 5 ml. of methylene chloride is added and 
the mixture is stirred at -5°C for 5 minutes. There is then 
added 50 mmols of HC1 proline phenylthioester which is 
neutralized with 50 mmols of N-ethyl morpholine in 20 ml. of 
methylene chloride.- The reaction mixture is stirred at -5°C 
for 1 hour and .then at 4°C overnight, DCC is removed by 
filtration and the solvent is removed with a rotary evaporator. 
Ethyl acetate is added to the residue, which is washed until 
neutral. Residual solvent is again removed with a rotary 
evaporator and the named product is recovered. 

B. The .Boc protecting group of the compound of Step A is 
removed with HC1 in ethyl acetate .at room temperature for 15 
minutes. The resulting hydrochloride salt is recovered by 
filtration and -dried over P 2 0^ a *id KOH in a vacuum desiccator. 
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A solution of this salt (10 rraols) and sodium 
bicarbonate (10 isnols) in 30 ml. of ethanol and 5 ml. of water 
is added t a solution of 10 mmols of 4-pheiiyl 2-oxo-butyric acid 
ehtyl estar in 5 al. of ethanol. Molecular sieves (12.06 g.) 
, are added and the mixture is stirred at room temperature for 

30 minutes. A solution of 0.6 g. of sodium cyanoborohydride in 
* 15 ml. of ethanol is added dropwise over a period of 4 hours 
and then the reaction mixture is stirred at room temperature 
overnight. .The- mixture is worked up as described in Example 
439 to yield the named compound. 

Example 448 

Synthesis of N-(l-ethox7ckrbonyl>3-phenyl-propyl)>2 - I 
fluoromethyl a 1 any! -L -proline thio acid 

A solution of 56.1 mg. (1 mmole) of NaSH in 0.5 ml. of 
ethanol is added dropwise under a nitrogen blanket to a solution 
of N- (l-ethoxy-carbonyl-3-phenylpropyl) -2-fluoromethyl-alanyl-2- 
proline phenyl thioester (1 mmole) from Example 447, dissolved 
in 5 ml. of ethanol. The reaction mixture is stirred at room 
temperature for 1 hour. The solvent is then removed with a 
rotary evaporator and ethyl acetate (50 mi.) p i us W ater. (5 ml.) 
are added to the residue. The mixture is then cooled in an 
ice bath, and acidified with 2N-sulfuric acid to about pH2. 
The organic phase is then separated, washed twice with saturated 
NaCl, dried over anhydrous Mg SO^ and filtered. Residual 
solvent is removed with a rotary evaporator to yield the named 
compound . 

Example 449 

Synthesis of H- f (1 - e thoxycarbony 1 - 1 -pheny lme thy 1 ) - 2 - 
phenyethyll-serinyl-L-oroline-t-butyl ester 

In the manner described in Example 439, 2-phenylmethyl- ! 
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butyl ester are reacted, and the r ;c :ion mixture ii worked up 
to yield the named compound. 

Example 450 

' Synthesis of N- f (l-ethoxvcarbonyl-l-phenvlmethyl)-2- 
' phenvlethyl] -serinyl-L-proline 

The product from Example 449 is treated with trifluoroacetic 
acid in the manner described in Example 441 to give the desired 
product. 

Example 451 

Synthesis of N-f (l-carboxy-l-phenylmethvl)-2-phenylethvlT- 
s erinyl -L-pro line 

The producr from "Example 450 is subjected to alkaline 
hydrolysis with 2 equivalents of KOK in 2 -ml of water: 
dioxane (1:1) for 1 hour to produce the named compound. 

Example 452 

Synthesis of IMl-phenyltMo-carhonvl-l-faethoxvcarbonyl- 
methyl) -S-methyl-3-mercaptopropvn -phenylalanyl-t-butvl ester 

Using 5 -methyl -2- (methoxy-carbcnyl-methyl) -homocysteine 
thiophenyl ester and N-(2 -phenyl-pyruvoyl)-L-proline-t-butyl 
ester and following the procedure of Example 43 9 , the named 
compound is prepared. 

Example 453 

Synthesis of N-ri-phenylthiocarbonyl-l-(inethoxycarbonyl- 
methyl) -S-methyl-3-m5rcapto?r3pyl] -phenylalanyl-L-Fro 

The product of Example 452 (1 g.) in 2 ml. of anisole is 
treated with 5 ml. of trifluoroacetic acid under nitrogen 
for 20 minutes at room temperature. The product is precipitated 
-with diethylether while cooling in an ice bath. The named 
: compound is recovered after drying- in a vacuum desiccator over 
P 7 0c and XOH. 
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Example LSL 

ggthesis of Nfl-thiocarhnn,!.!-^^ ,„_ 1nrrT| „ 

S-methvl-3 m^, an , opvll -p h^i alanyl . L . p ^ 

rne product of Example 453 is subJected to hydrolysis ^ 
t~o equivalents of sodium hydrosulfide as described in Example 
. 448 to yield the named compound. 

Example 455 

Synthesis of W-n-Prho-nrc^tonv,-^ v , „ 

h ydroxy B h CT vl)ethvl1-l.-o,„.- T nltl , tl „ 1 . T . p ,„_. -b|ii:vl ^ 

A. A solution of L-Pro-t-butyl ester (0.1 mols) in 30 ml 
P of methylene chloride is cooled In a dry ice-acetone lath to 
-50-C. A small, portion thereof 1. added »ith porous stirring 
to e solution of BCC (0.1 „ 0 1) in 15 «1. 0 f methylene chloride 
while the temperature is maintained at -55'C. lie solution is 
further stirred. at -55'c for 3 minutes after vhich there Is 
added, dropvise. a solution of freshly vacuum dUcvUi 
5_Cbo- ml no-2-o,opentanolc acid. (0.1 Bol) ^ 20 ^ methy ^ 
cUoride. The reaction mixture Is stirred at -55'C for 4 hours 
. at -15-c for 2 hours and finally ,t <- C overnight. Solid Meyl- ' 
.,=oh«ylurea is removad by. filtration, and isopropyl ether (50 ml ) 
. i* added. The organic phase separated thereby is washed until 
neutral, dried, filtered .and concentrated in a rotary evaporator. 

Upon ctorage in a freezer ch«. -esnlr a „*. 

esultant compound crystallizes 

out. 

B. This compound is prepared according to the method 
described in Sample « 9 . cs ing *-(fluoromethyl) -tyrosine ethyl 
ester and N- (5-Cbo-amlno, -2-oxo-pentanoyl-l-proline-t-butyl 

ester as primary reactants. 
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Example 456 ~ ^ ' 
£ ic iesis of N-fl-ethoxycarbonyl-l-flu romethyl-2- 
(-p-hydro:cyphenyl) ethyl ] -ornithinyl-L-pr line 

The product of Example 455 is subjected to HF t deprotect 
the carboxyl group of proline and yield the named product. 

Example 457 

Synthesis o f N- (l-ethoxycarbonyj-l-ftnethoxy-methvl) -2- 
(3 , A-dia ethoxyphenylethyll -S-benzyl-cysteinvl-L-Pro-t-butyl 
ester 

Using the method described in Example 439,$< -(methoxy- 
; methyl) -3 , 4-dimethoxyphenylalanine ethyl ester and H-(3-benzyl 
thiopyxuvoyl-2-Pro-t-butyl ester, the named compound is 

prepared. 

Example 458 

Synthesis of W-ri- ethcx>cycarbopyl-l-faethoxvinethyl)^2« 
(3 , 4-dime thoxyphenyl) -e thy 11 -cysteinyl-L-Pro 

The product of Example 457 is subjected to HF treatment 
to deprotect the carboxyl group of proline and yield the named 
compound . 

Example 459 

Synthesis of N-(l-ethoxycarbonyl-l(2-propenyl)-5- 
phthalylpentanoyl] -valyl-L-Pro 

A. Proline (35 mmols) is suspended in a mixture of 
35 ml. of- propylene oxide and 210 ml. of dry acetonitrile at 
room temperature . Bis-trime chyl-silyl-trif luoroacetamide 
(77 mmols) is added and the reaction is stirred at room tempera- 
ture for 15 minutes. 3-methyl-2-oxo-butanoic acid chloride 
(36.8 mmols) is added end the mixture is stirred for about 
twelve hours. The mixture is chiiled in an ice bath, slowly 
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treated with 35 ml. of 1 K HC1 and st rred for 5 minutes. 
Acetonitrile is then removed in vacuo and the solid residue is 
dissolved in 500 ml. f ethyl acetate. The organic layer 
separated is washed several times with 50 ml. portions of water 
and then with saturated NaCl, dried over anhydrous MgSO^. 

Residual solvent is removed with a rotary evaporator and 

N-(3-methyl-2-oxo-butanoyl)-L-Pro is recovered. 

B. Following the method of Example 447, the product of 

Step A is reacted with 2-amino-l-(2-propenyl)-5-phthalylpentan ic 

acid ethyl ester to give the named compound. 

Example 460 

Synthesis of K-f Cl-carboxy-l-C2 <proT>enyl)-5- 
phthalylpentanoyll -valyl-L-Pro 

The product of Example 459 is saponified to prepare the 
named compound. 

Example 461 

Synthesis of N-f (carbox y-l-C2-propenvl)-5-aminopropanovl }- 
valyl-L-Pro . 

The named compound is obtained by hydrazine lysis with 
hydrazine hydrate of the product of Example 460. 

Example 462 

Synthesis of N-q-isohu tyl-l-carhoxy-3-methoxycarbonvl- 
propyl) -leucinvl-L-Pro 

A. N- (4-methyl-2-oxc-pentanoyl) -L-Pro is prepared* as 
described in Step A of Example 459. substituting 4-methyl-2- 
oxo-pentanoic acid chloride for 3-methyl-2-oxo-butanoic acid 
chloride. 

B. The product of Step A (0.00272 mols) is reacted with 
-Isobutyl glutamic acid -methyl "ester (0.00C545 mols) and 
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sodium t/anoborohydride T103 mg.) in vater (10 ml.) at P H7 
(adjusted with caustic) at room temperature over several days. 
The pr duct is adsorbed on an acid ion exchange resin and 
eluted with ZZ pyridine in water, fractionally distilled and 
freeze dried to produce the named compound. 

Example 463 

Synthesis of K-(l- carboxy-l-methvl-4-phtharyl butyl? - 
Tyr-L-Pro-t-butyl ester 

A. N- (4-hydroxyphenyl) -pyruvoyl-L-proline-t -butyl ester 
is prepared using the method of Step A of Example 455 and 
substituting 4-hydroxyphenyl pyruvic acid for the carboxylic 
acid therein used. 

B. Following the method of Example 437, Step B, using 

2 -methyl- 5 -phthalyl-omi thine and N- (4-hydroxyphenyl) -pyruvoyl-L- 
proline-t-butyl ester from Step A as reactants. the named product 
is obtained. 

Example 464 

Synthesis of M-(l-carboxy-l-methyl-4-amino-butvl^- 
Tyr-L-Pro-t-butyl ester 

The named product is obtained by hydrazinolysis of the 

product of Example 463. 

Example 455 

Synthesis of N- (l-carbcxy-l-methyl-4-aminobutyl) -Tyr-L Pro 
The named compound is obtained by trif luoroacetic acid 
treatment of the product of Example 464. 

Example 466 

Synthesis of N-(l-carboxy-l-methyl-4-phthalyl -butyl)- 
Tyr-L-Pro 

The named compound is obtained by trifluoroacetic acid 
treatment of the product of Example 463. 
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Ex; Die 467 'JS"- 

Syr.th.esi-; of N-fl(-'-inercaptoethvl)-l-mercaptoethvl-4- 
hydroxy-2-keto-butyl ] -Ala-Pr 

The * -hydroxy ethylketone of S-benzyl -D-homocysteine. 
2 naaols, is reacted with 10 mmols of pyruvoyl-L-Pr , all in 
10 ml. of ethanol plus 12 mmol NaHC0 3 on 2 ml. H.,0. in the 
presence of 3.2 g of powdered molecular sieves at room 
temperature. After 30 minutes of stirring, 130 mg. of sodium 
cyanoborohydride in 2 ml. of ethanol is added dropwise 
over a period of 4 hours. The molecular sieves are removed by 
, filtration. The solvent from the filtrate is removed by rotary 
evaporation under reduced pressure. The product is isolated 
by conventional chromatography techniques: The S-benzyl protect- 
ing group is removed with anhydrous HF in the presence of anisole 
to yield the named compound. 

Example 468 

Synthesis of N-Cl-mercaptoaethvl-3-aaino-2-keto propyl? - 
, Phe- A- fluor o-L-Pro 

The -Boc-aminomethy Ike tone of S-benzyl-D- cysteine, 
; 2 mmols, is reacted with 3-paenylpyruvoyl-4-f luoro-L-Pro essen- 
tially as described in Exaaple 467 to yield N- (1-benzoylthio- 
methyl-4-t-butyloxycarbonyl=aino butyl) -Phe-L -Pro. If desired, 
the t-Boc group can be removed with anhydrous trifluoroacetic 
acid, or the t-Boc and S-benzyl groups may be removed with 
anhydrous KF in the presence of anisole to yield the named 
compound. 

Example 469 

Synthesis of W-(L-carboxvmethyl-2-keto-butyl)-homoPhe-3- 
chloro-L-Pro 

The ^.-ethylketone of D-aspartic acid -^-t -butyl ester, 2 
mmols . is reacted with 10 mmols of 2-keto-4-phenvlbutanovl-3_ 



chloro-L-Pro in the presence of sodium cyanoborohyaridt : Word- 
ing to the procedure of Example 467 to yield N-(l-t-but; .c:cy- 
carbonylmethyl- 2-keto-butyl)-homoPhe-3-chloro-L-Pro . Th i 
latter is isolated by conventional t chniques f chromatography . 
The t -butyl ester group is removed with anhydrous HF to yield 
the named compound. 

Example 470 

Synthesis of M-(l-thiocarboxvmethyl-2-keto-butvl)-Val- Gin 

TheO<-ethyketone of D-aspartic acid-y$-thiophenyl ester, ■ 
2 mmols, is reacted with 3.3-dimethylpyruvoyl-5-keto-L-Prp in 
the presence of sodium cyanoborohydride , essentially as 
described in Example 467, to yield, after isolation, N-(l - 
phenylthiocarboxyl-methyl-2-keto-butyl) -Val-5-keto-L-?ro . 
By removing the thiophesyl ester with MaSH. the desired compound 
is obtained. 

Examples 471 

A - Synthesis of N- (pyruvoyl) -L-Pro-t-butyl ester and related 
p(-keto intermediate compounds. 

A solution of 99.5 taaels of L-Pro-t-buryl ester in 39 ml. of 
chloroform was cooled to -50°C. A solution of dicyclohexyl- 
carbodiimide (DCC) , 99.5 =cls in 15 ml. of methylene chloride, 
at -55°C, was added dropwise with vigorous stirring. Three 
minutes later, pyruvic acid, 99.5 mmols in 20 ml. of chloroform 
at -55 °C, was added dropwise. The reaction mixture was stirred 
at -55°C. for 4 hours at -15°C. for 2 hours at 4°C. overnight 
and at 22 °C. for 2 hours. The dicyclohexylurea precipitate 
was removed by filtration and the precipitate was washed with 
isopropyl ether. The organic phase was washed until neutral. 
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- //- 

under -educed pressure. The crude product: was vacuum-distilled 
over anhydrous potassium carb nate to yield 21. Ig. of oily 
residue. Vacuum distillation was repeated to collect the 
fraction distilled between 114 and 124°C. ( lmm.R ). This step 
yielded llg of material that crystallized to yield white 
needles having a measured optical rotation, in the concentration 
of 0.06029g/ml of echyl acetate of tof, 5 ~ -71.95°. Elemental 
analysis for c n H i9 N0 4 (Formula weight « 241.291): 

Calculated: C 59.73. H 7.94, II 5.81,0 26.52; 

Found: C 59.64, H.8.10, N 5.76. 

By substituting for p yruvi c acid an o(-ketb-carboxylic acid of 
colusn A below, for pyruvic acid and/or- substituting for L- 
proline- t-butyl ester an analog listed in column B in the 
synthesis given above, intermediate compounds shown in 
column C are obtained. 
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Seep B. 

Eac of Che intermediate products of Runs 1-1500 is 
reacted with each ^{-aminocarboxylic acid of the following table, 
or an ethyl, methyl, t-butyl t benzyl, diphenylmethyl or 
thiopbenyl ester thereof, to give a product of this invention 
in which R, R- 

i r 

Rg-C- is of the general formula RgC- 

R 2 C00E 

wherein E is H, ethyl, methyl", t-butyl, benzyl, diphenyliaethyl 
or thiophenyl and 

H ? P ?, f 4 f 5 S 
-H— C— C— N— C— C— R A is the radical of 

*7 (R 10£ . 

intermediate of Column C above that is used in the synthesis. 
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Examples 549-625 
A . synthesis of N-(D-[+1-2-bromo-propionyl)-L-proline- 

t-butyl ester 

A solution of 40 mmols of D- [+] -2-broiao-propioxiic acid in 
15 nl. of redistilled dichloromethane was cooled to -40°C. A 
cold solution of dicyclobexylcarbodiimide (DCC). 40 mmols. in 
10 ml. of dichloromethane. was added dropwise while maintaining 
the temperature between -35 and-40 a C. After 10 minutes of 
stirring, L-proline-t-butyl ester, 40 mmols. In 15 ml. of 
dichloromethane at -45_°C, was added dropwise with stirring. 
After 1.5 hours at -45 °C. the reaction mixture was stirred at 
4*C overnight. The precipitate of dicyclohexylurea was removed 
by filtration. The organic filtrate was washed until neutral, 
dried over anhydrous MgS0 4 and filtered again. The solvent was 
removed by rotary evaporation under reduced pressure to yield 
10.6 g. of oily residue. The product exhibited an optical 
rotation, when dissolved in ethyl acetate in a concentration of 
0.036835 8 . /ml. of loC]^ - -56.82*. Upon elemental analysis for 
C 12 H 20 HBrO 3 (Formula weight - 306.209), the results were 
Calculated: C 47.04, E-6.58. N 4.57 
Found: C 47.00. H 6.52, N 4.56 

Insteaa of using D- [+] -2-bromopropionic acid in the above 

synthesis of the intermediate R/R c o 

V « i 4 \ 5,i . 
Br-C-C-N-C-C-R 6 , the foregoing 

C«3 <*10x 

synthesis is repeated using each acid from the following list to 

make either C 7? 

Br-C-C-N-C-C-Rc or a compound in vhich H- replaces Br 
l i o 

ra 3 (R 10x 



List A. 
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2-bramoarginic acid 
"2-bromo-3-methylbutyric acid 

2-bromo-3 t 3-dimethylpentanoic acid 

2-bromo-3-imidazolyl-propionic acid 

2-bromo-3-methyl-5-guanidino pentanoic acid 

L_ [ - ] -2^bromopropionic acid 

2-bromoisobutyric acid 

N-t-Boc-L-alanine 
;jN-t-Boc-*-methyl-Ala 

N-Boc-c<- methyl-L-valine 

N -Boc-p^-methyl-D-valine 

N -Boc-arginine 

H -Boc-nitroarginine 

N -Boc-y -methyl nitroarginine 

N -Boc- leucine 

N -Boc-Ile 

N -Bocxt-methyl Leu 
;|n -Boc acparagixie 

;i 

2-bromo-4-oxopentanoic acid 
2-bromo-3-benzylthio-3-methyl-butyric acid 
2-bromo-5-"Boc-aiaino-3-oxo penranoic acid 
2-bromo-5-ethoxycarbonyl-4-oxo-pentanoic acid 
2-bromo-3-methoxy-pentanoic acid 

2-br6mo-3- (p-hydroxy-m-t-butylphenyl) -propionic acid 
2-bromo-3,3,3-trimethyl propionic acid 
2-bromo-2- (3 , A-dihydrcxyphenyl) -acetic acid 
2-bromo-A-t-bucyloxycarbonyl-pentanoic acid 



0048159 

- f/ 

2-bros -3,4-dimethylpentanoic acid 
2-bro2o-5-C0b-affiinopentanoic acid 

2-bro=io-3- (4 -p-hydroxyphenoxyphenyl) -propionic acid 

2-brcoo-3-phenyl pr pionic acid 

N -Boc^-f luoro Phe 

N -Boc-homo-Arg 

N -Boc-homo-ni'tro Arg 

N -Boc-glutamine 

N -Boc-p -mcthylpbenyl Gly 

H -Boc-3,4,5-triiodo-Fhe 

H -Boc-3 , 5-dihydroxyphenyl Gly 

N -Boc-3 -hydroxyphenyl Gly 

N -Boc-0- ethyls-methyl Ser 

H -Boc-trileucine 

N -Boc-(3 chloro-3-pyr idyl) -Ala 

N -Boc-(2 fluoro-6-pyr idyl) -Ala 

N -Boc-3-(2,3,4 t 5, 6-pentafluorophenyl)-Ala 

N -Boc-3-(3 t 5-dichloro-2 t 4, 6-trifluorophenyl)-Ala 

N -Boc-3-t-butyl methyl-Tyr 

N -Boc-^tf-difluoro-Ala 

N •Boc-3-isopropyl-^-nethyl-Tyr 

N -Boc-3 (2 f 5-diaethoxy-4-methylphenyl) -Ala 

N -Boc-3-(2-methyl-4,5 dehydroxyphenyl)Ala 

N -Boc-2-a=ino-4-benzyloxy-6-t>Boc-hexanoic acid 

N -Boc-2-eniino-3-inethoxy-2-methylpentaiioic acid 

N -Boc^-(4 methoxy-1 naphthyl)-ct-methyl-Ala 

N •Boc-2-amino-2-inethyl-5-ethoxycarbonyl-4-hydroxy-pentanoic acid 
N -Boc-2-amino-5-Boc-amino-3-hydrpxy-pentanoic acid t 
N -Boc-yfly5-dimethyl-Cys 



ioc-2-Eaino-2-aethyl-A hydroxypentanoic acid ***** 31 59 

i - Boc-2-amino-6-benzylthio-2-xnethyl-5-oxo hexanoic acid 
1 -Boc-2-aiaino-6-inercapto-2-methyl-5- xohexan ic acid 

;J -Boc-2-ainino-2-aethyl-A-oxo-pentanoic acid 

H -Boc-2-amino-3-methyl-A-oxo-pentanoic acid 

N -Bo c-2-anino-5 -hydroxy- 4- oxo-pentanoic acid 

N -Boc-2-amino-4-oxo-pentanoic acid 

N -Boc-2-amino-2-tDethyl-4-oxo-5-ethoxycarbonyl pentanoic acid 

N -Boc-5-Cbo-aniao-2-amiiio-3-oxo-pcntanoic acid 
I N -Boc-thyroaine 

Ifctf-Boc-N^-benzyl histidine 

N -Boc-J- (3 . 4-dimethoxyphenyl) -^-methyl- dehydro-Al a 
N -Boc-J ^->-diethyl-dehydro-Ala 
N -Boc-albizziin 
N -Boc-^f-oxalysine 

N -Boc-2-amino-2-indole- acetic acid 

N -Boc ,N '"^Boc-jr-hydroxy-Lys 

K -Boc,N^ hydroxy Lys 

N -Boc-^N-methyl-Arg 

N -Boc-J^hydroxy-Arg 

N -Boc-5 , 5 1 -dihydroxy-Leu 

N -Boc-£-f luoroasparcic acid 

N -Boc-^-iaethyl-aspartic acid 

N -Boc-y6-methylene aspaxtic acid 

N -Boc-p(Tos)guanidino-phsnyl Gly 

N -Boc-p-guanidino-phenyl-Gly 

N -Boc-p-methyl Phe 

N -Boc-2-ethoxy-5-nitro-Fhe 

N -Boc-p-benzylthio-Phe 

N -Boc-p-mercapto-Phe 

N -Boc-o<-methyl ?he 
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N -Boc-X-oethyl- Leu 
N -Boc-^-methyl-Ile 
N -Boc-y-methyl-!?/-aainobui.-yTic acid 

N -Boc-,rS-f luoroaethyl-Ala 

N -Boc-<Boc-aminomethyl-valine 



N -Boc-t^-methyl glutamic acid 

N -Boc-^-methyl glutamine 

N -Boe«^-fluoroaethyl-norvaline 

N -Boc-pC-methyl-his tidine 

N -Boc-^-methyl Asp 

K -Boc-jK-methyl-hoaio-Lys 

K -Boc-^-methyl-nitro-Arg 

N -Boc-c^-methyl-O-benzyl-Ser 

N -Boc-c^-nsthyl-O-phenyl-Ser 

N -Boc-t^-methyl-O-t-butyl-Ser 

N -Boc-^methyl-O-methyl-Ser 

N -Boc«x/-methyl-0(p-hydroxyphenyl)-Ser 

N -Boc-w-methyl-O-benzyl-threonine 

N -Bocn^-methyl-O-ethyl-threonine 

N -Boc-^-methyl-S-t-butyl-cysteine 

N -Boc-rC-iaethyl-S-aethyl-cysteijtte 

N -Boc-*^-me thy 1-S-benzyl-hcoocys tine 

N -Boc-^-nethyl- O-methyl-hamos erine 

In each instance, the acid is used in its L-, D- or D,L- 
form to make the corresponding intermediate. 

B. Each of the foregoing syntheses of intermediates is 
repeated using each of the acids named above with each of the 
below- listed R 4 « 




6 compounds in lieu of 
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L-Pro-t-butyl ester to make further intermediates : 

List B 
Pro-amide 
Pro- ethyl ester 
Pro methyl ester 
* Pro diphenylmethyl ester 
Pro thiophenyi ester 
thiazolidine-4-carhoxylic acid 
4-hydroxy-Pro 

3 - hy dr oxy-Pro 

4- methoxy-Pro 

4- propyl-Pro 
Pip 

Aze-2-carboxylic acid 

5- keto-Pro 

3- raethoxy-Pro 
2-f luoro-Pro 

4- Eoc- amino -Pro 

* l 4-Boc-aminomethyl-Pro 
4-acetylthio-Pro 
4-f luoroinethyl-Pro 
c\ -methyl -Pro 
4-iodo-Pro 
4-hydroxymethyl-Pro 

2.3- dehy dr o -?r o 

3 . 4- dehy dro-Pro 

4. 5- dehydro-Pro 
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4-hydr xy-P o 
3-hydroxy-P.'0 

3- ehloro-Pro 

4- bromo-?ro 
3,4-difluoro-Pro 
3-hydroxy-5-methyl-Pro 

5- phenylthio-Pro 

2- (2 hydroxyphenyl)-thiazolidpe -4 carbaxylic acid 
' 5-£-hydroxyphenyl)thio Pro 

3- methy lthio -Pro 

3- benzylthio-Pro 

4- methyl-Pro 
4-me thy lene-Pr o 
4-fluoromethyl-Pro 

Each of the List B compounds is used in its L-fora. 

C. Each of the NjC-Boc intermediates prepared in A. or B. 
above is reacted with each of theeC-amino acids listed in 
Examples 471-548 above, to yield a compound of this invention. 

Example 626 

Synthesis of N- (L-l-benzyloxycarbonyl-3-phenyl-propyl) - 
D- Val-L-P r o - t-butyl ester 

Combine 2 nnnols of L-hcmoPhe benzyl ester, 2 mmols of 
2-bromo-3,3-dimethyl-propionyl-L-Pro-t-butyl ester and 5 nmols of 
silver oxide in 50 ml. of benzene. Reflux for 24 hours and then 
add 2 mmols of 2 -bromo-3 ,3-diae thy 1-propionyl-L-proline- t-butyl 
ester and 5 maols of silver oxide. Reflux for another 24 hours. 
Cool, filter, strip off the solvent, and isolate the named 
compound by conventional chromatrographic techniques. The two 
•ester groups are each removed as desired from portions of the 
tvrnduct to vield each 
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a. N- (L-l-benzyloxycarbonyl-3-phenylpropyl) -D-Val-L-Pro 

b . N-L- 1 - car boxy - 3-pheny Ipropy 1) -D-Val-L-Pro- t-bu ty 1 ester 

c. N- (L-l-carboxy- 3-pheny Ipropyl) -D-Val-L-Pro, 

Examples 627-704 
Using the method of Example 626, each of the bromo-intermedi- 
ates from Examples 549-625 is reacted with each «£- amino acid and 
derivative theteof from Examples 471-548 to yield a compound 
of this invention. The following Table illustrates representative 
compounds of the invention so prepared. Since, in all of these 
compounds, R 2 is C00E, vherein E^^ 1 is OH, 0CH 3 , CX^H^, O-t-butyl, 
S -phenyl or SH; ^ and R^q are each H and X « -NH-, only the 
variables R^ f Pw^, Ry amd R^ R^ 

-L — CH C0R 6 are covered in the Table: 

Example 705 
An intermediate of the general formula 




.is reacted with an^-keto— carboxylic acid or a suitably protected 
o6-keto-carboxylic acid selected from the following list: 
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List C ' - $7- 

3-aethyl-2-oxo-pentanoic acid 

2- oxo-heptanoic acid 

3- isobutyl-pyruvic acid 
3 t 3-dimethyl-2-oxo-pentanoic acid 
N^-benzyl-S-imidazolyl-pyruvic acid 
5-benzoylamido-2-oxo-pentanoic acid 

5- Boc-amino-2-oxo-pentanoic acid 

6- CbO-amino-2-oxo-hexanoic acid 
6-Tos-amino-2-oxo-hexanoic acid 
4-HO-phenyl-pyruvic acid 
4-ethoxycarbonyl-2-oxo-butyric acid 
4-methylthio-2-oxo-butyric acid 
3-0H-3-nethyl -pyruvic .acid 

3 -phenyl oxypyruvi c acid 
3, 3-isobutyl-pyruvic acid 
2-oxo-decanoic acid 

2- oxo-octanoic acid 

3 , 3-dimethyl-2-oxo-butyric acid 

3- isopropyl -pyruvic acid 
3,3-dimethyl-pyruvic acid 

! 

p-OH-phenoxypyruvic acid 

N E -Boc-aminoethyl-2-oxo-A-phenylbutyric acid 
5-inethyl-2-oxo-heptanoic acid 

dlmethylaminoethyl-2-oxo-A-phenylbutyric acid 
4-(3-indolyl)-2-oxo-butyric acid 
2-oxo-4-(p-Cl-phenyl) -butyric acid 
2-oxo-phenylbutyric acid 
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2-oxo-adipic acid-6-methyl es u 
2-oxo-glutamic acid-5-ethyl e: ;er 

2- oxo-butyric acid 
4-methyl-2-oxopentanoic acid 
6-methyl-2-oxoheptanoic acid 

3- cyclohexyl-2-oxopropionic acid 
phenylpyruvic acid 
phenylthio-pyruvic acid 
benzylthio-pyruvic acid 
benzyloxy-pyruvic acid 
indole-3-pyruvic acid 
2-oxo-3-p-eyanophenylpropionic acid 

4- *A-naphthyl-2-coto-butyric acid 

4- (3 , 4-dichlorophenyl) -2-oxo-butyric acid 
2-oxo- (4-p-phenoxypbenyl) -butyric acid 

Compounds .of the invention vhich are prepared by this 
method include: 
Compound 

Identification Compound Name 

A . N- (l-carboxy-2- trimethylethy 11-Arg-Pro 

B . N- (l-carboxy-4-carboxyamido-butyl) -2-amino- 

3 , 3 f 3-triinethyl-propionyl-L-4-f luoro-Pro. 

C. N- (l-carboxy-2-f luoro-2-phenyl ethyl) -Val-L- 

4-methoxy-Pro 

D . N- (1- carboxy-3-phenylpropyl) -2-amino- (5-Boc- 

anir.o-2-oxo) -pentanoyl-L-3 , 4-dif luoro-Pro • 

E. N -(l-carboxy-4-guanidino-butyl)-His-L-5-keto- 

4 -Pro 

F. N-(l-carboxy-2-phenoxyethyl)-2-amino-4-oxo- 

pentanoyl-L-thiazolidine-2-carboxylic acid 

G. N- (l-carboxy-2-benzyloxyethyl) - (m- 1- butyl )Tyr- 

L-4-xaethyl-Pro 

H. N-(l-carboxy-4-Boc-aminobutyl) -2-amino-3 , 3 , 3- 

trimethyl-propionyl-L-tf -methyl -Pro. 



-19- 
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Compound 

Identification Compound Name 

I . N- CI -carboxy-2-dimethyl-2-benzylthio-ethy 1) 

Gln-L-Aze-2-carboxylic acid 

J . N- [ l-carboxy-4- (N-methylguanidino) butyl] -2 

amino-3-methoxy-pentarioyl-L-Pip 

K. N- r l-ethoxycarbonyl-2- (p-guanidino-phenyl) 

ethyl] -GluQf-t-butyl ester)-5-phenyl-L- 
Pro 

Example 706 . 

Specific compounds of this invention are prepared by 
reacting an et-amino acid or ester of the general, formula 



Rj C NH 2 wherein E 2 is OH, SH, OC^H^, 



1 I 



0E 2 . 

OCH2 or 0-t-butyl, with an intermediate 

R- o R, R- o R. o R*Rc o 

| " | * " p tt J 4j 5 « 

Br — CH — C — N CH — C — R, or C C— N-CH — C — R r 

O 

They include those of the following table, wherein X - -HH-, 
Ry and R^q « H, m ■ 0 f R£ * 5 COE2 and the variable groups are 
as depicted: 



c=s-X 
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Example 707 .-jM' 00 ;15 ^ 

A. Synthesis of N-(l-ethoxycarbonyl-l-hydro> methyl e'. :yl>- 
L,L-Ala-Pro-t-butyl ester. 

Using the method of Example A3 9. the named compound is 
prepared from -hydroxymethyl-Ala-ethyl ester and pyruvoyl-L-Pro- 
t-Bu-ester. 

B. Synthesis of N-(l-ethoxycarbonyl-2 mercaptomethylethyl) - 
D,L-Ala-Pro 

The desired compound is obtained by treating the product of 
' Step A vith *2 S 5 311,1 then removin S the t-butyl ester group with 
HC1. 

Example 708 

Synthesis of -L-Z-TL-l-carboxY-A-CN -methyl, H -N-methyl.K- 
nitroguanidino) butyl-thiopr opanoyll -L-4-butyloxy-L-P ro-t-butyl • 

•I 

' ester 

A. A solution of D-(+)-2-bromopropanoic acid(0.04 mols) in 
15 ml. of methylene dichloride was cooled to -4D D C. A solution 
of DCC (0.04 mmols) in 10 ml. of methylene dichloride was added 
in dropwise fashion and the solution was stirred at -35 to - 
40°C. for 10 minutes after which there was added L-Pro-t-outyl 
ester (0.04 mols) in 5 ml. of methylene dichloride at -45°C. The 
reaction mixture was stirred at -40°C. for 1-1/2 hours and then 
at 4°C. overnight. Working up the product in the conventional 
manner yielded 10.6 g. of the named product. 

B. About 20 ml. of anhydrous liquid ammonia is added to L- 
1 2-mercapto-5-N -methyl, H -nitroguanidino-pentanoic acid (0.003 
ilmols) while the reaction. flask is immersed in a dry ice-acetone 
'Ibath. Sodium. is added with stirring until a permanent blue color 

is sustained. There is then added with stirring N-(+) -D-bromo- 
propanoyI)-L-4-t-butyloxy-L-?ro t-butyl ester (0.03 moles) from 
Step A hereof. The reaction vessel is stoppered and stirred at 
room temperature for 1-1/2 hours. Ammonia is removed while the 
flask is protected, with a tube containing CaClj. The residue is 

..dissolved in water and then extracted with ethyl acetate. The 

i 

aqueous phase is saturated and then acidified with solid potassium 
bisulfate in the presence of ethyl acetate. The solvent is 
[removed with a rotary evaporat r to yield the named compound. 



Ex iple 709 - 
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Synthesis of L-2- -.-thiol. ; nrbonvl-4-(N -methyl r N -nitroguanid- 
ino)- butyl thio?* ooanoyll -L-4-t-butyloxy-Lproline-t-butyl ester 

A solution of product from Example 708 (0.0015* mols) and 
triethylamine (0.0015 mols) in dry tetrahydrofuran (50 ml.) ±s 
cooled to -15° C. under argon and treated with ethyl chlorof ornate 
(0.015 mols). After stirring at -15°C. for 1-1/2 hours, sodium 
hydrosulfide (0.025 mols) is added and the solution is stirred 
at*4°C. overnight. The solvent is removed with a rotary 
evaporator and the solid is dissolved in water and cooled in 
an ice bath. This solution is acidified to about pH3 with 
solid potassium bisulf ate in the presence of ethyl acetate and 
*: the organic phase is washed with a solution of saturated sodium 
chloride, dried over anhydrous sodium sulfide and filtered. 
The solvent is removed with a rotary evaporator to yield the 
named compound. 

, Example 710 

Synthesis of L-2- f L-l-thiolcarbonyl-4- (N- -methyl-guanidino-butyl- 

thio-pr opanoyl ] -L-4-hycr oxy-L-Pr o 

The product of Example 709 is subjected to HF treatment at 

0 C. in the presence of anisole for 1 hour to yield the named 
product. * 

Example 711 

3 Synthesis of N-(1.2-dicarboxy-2-f luoroethylthio) -2-phenvlacetyl-L- 
thiazolidine-4-carboxylic acid 

A. To a solution of 0.01 mol of thiazolidine-4-carboxylic 
acid in 10 ml. of IN NaOK, cooled in an ice bath, is added 5 ml. 
of 2 H HaOH and 0.01 mol of D-2-bromo-2phenylacetyl chloride, in 

, that order, with vigorous 6tirring. The reaction mixture is then 
stirred at 0°C. for 30 minutes and then at room temperature for 

1 hour. It is then acidified with concentrated HC1 in the presence 
of ethyl acetate, to about pH 2, with cooling. The organic phase 

is washed with a solution of saturated NaCl, dried over anhydrous 
sodium sulfate and filtered. The solvent is removed with a 
r tary evaporator to yield the named compound. 

B. Using the synthesis method of Example 708, Step B, 1- 
mercanto-2-f luorosuccinic acid is reacted with the nroduct of < 
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Example 712 

Synthesis of N- [2- (l-carboxy-2-p-nitrophenyl)ethy .i- thio-5-Boc- 
aminopentanoyl]-L-Pro-t-butyl ester 

A. This compound is prepared in the manner described in 
Example 708, Step A, using 2-bromo-5-Boc-aminopentanoic acid as 

' the starting compound. 

B. This compound is then prepared in the manner described 'in 
Step B of Example 708, using mercapto-3-p-nitrophenyl propionic 
acid and the product of Step A hereof as the reactants. 

Example 713 

; Synthesis of N-f2-(l-carboxy-2-p-nitrophenyl ethylthio)-5- 
Euanidinopentanoyll -L-Pro-t-butyl ester 

The product of .Example 712 is deprotected vith anhydrous 
trif luoroacetic acid in the presence of anisole and then treated 
vith anhydrous ethyl ether. The residue is dried in a vacuum 
desiccator over phosphorus pentoxide and potassium hydroxide for 
several hours and the guanidino group is introduced with o-methyl 
isourea. 

Example 714 

j Synthesis of N-f 2- (1 , 3-dicarboxy-l-methyl) propylthiopropanovl)-2- 
O-hydroxphenyl-L-thiazolidirie-4-carboxylic acid 

A. 2-(0-hydroxphenyl)-L-thiazolidine-4-carboxylic acid is 
prepared in the manner described in step A of Example 711, using 
2(0-hydroxphenyl)-L-thiazciidine-4-carboxylic acid and 2-bromo- 

» 

propionyl chloride as the reactants. 

B. The desired compound is prepared in the manner des- 
cribed in Example 708, Step B, using 2-mercepto-2-methyl 
glutaric acid and the product of Step A hereof as the reactants. 



00481 £9 

Example 715 

Synthesis of Nf 2- (4-amino-l-carboxy-2-hydroxybutylthio)butanoyl1- 
L-4-methoxy-proline 

A. K-(2-bromobutanoyl)-L-4-methoxyproline-t-butyl ester is 
prepared as described in Step A of Example 708, substituting 2- 
broinobutyric acid and L-4-methcacy-proline-t-butyl ester for the 
reactants of that step. 

B. The desired compound is prepared as described in Step B 
of Example 708, substituting 5-Boc-£Hiino-3-t-hutyloxy-2-mercapto- 
pentanoic acid-t-butyl ester and the product of Step A hereof for 
the reactants there utilized, followed by treatment vith tri- 

f luoroacetic acid in the presence of anisole to yield the named 
product. 

Example 716 

Synthesis of N- fL-2- (2-benzyloxy-l-carboxy-ethyltbio)-2-p-t 
butyloxy-phenylace tyl ] -L-proline 

A. B- [2-bromo- (p-butyloxy)phenylacetyl] -L-proline t-butyl 
ester is prepared as described in step A of Example 708, using 
2-bromo-p-t-butyloxyphenyl acetic acid as the starting material. 

B. The sodium salt of 3-benzyloxy-2-mercaptopropionic acid- 
t-butyl ester (0,01 xaol) -and the product of Step A hereof (0.01 
mol) are reacted according to Step B, Example 708, to yield 

the Pro t-butyl ester of the named compound. The ester is 
deprotected with tr if luoroacetic acid in the presence of 
anisole to yield the nased compound per se . 
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Esax.ple 717 

Synthesis of M-f2-(5-amino-l-carboxvT)ent7lthio)-3-(2-ethoxv-5- 
nitrophenvDpropanoyll -L-Pro | 
Following the procedure described in Step B of Example 715. j 
6-Boc-amino-2-mercaptohexanoic acid and N-[2-bromo-3-(2-ethoxy- 
5-nitrbphenyl)propanoyl]-L-Pro- t-butyl ester are reacted to give 
the proline- t-butyl ester of the desired compound. That ester is 
then treated with trif luoroacetic acid in the presence of anisole 
to give the named compound. 

Example 718 

Synthesis of N- [ 2- (l-carbo?cy-3-phenylpropvl) -4-oxo-pentanoyH -L- 
j 3 . A-dehydronroline 

Using the procedure described for Step B of Example 715 9 
4-phenyl-2-mercapto-butanoic acid is reacted with N-(2-broao-4- 
oxopentanoyl)-3 t 4-dehydr6-proline-t-butyl ester, and the product 
is deprotected with trif luoroacetic acid in the presence of 
anisole to yield the named compound. 

Example 719 

Synthesis of N- f 2-l-ethoxycarbonyl-2-(p-Tos-amidino)phenylethoxv 
propanoyll -L-proline 

m Sodium -(0.005 gram-atoms) was added to a solution cf the 

i 

ethyl ester of 2-hydroxy-2- {?-To6-amidino)-phenylpropanoic acid 
(0.005 mols) in 5 ml. of dry toluene, fitted with a reflux 
condenser and the flask .protected with a calcium chloride tube. 
The mixture is stirred at room temperature for 1 hour. To this 

: is added a solution of 0.005 ml. of K-(2-bromo-propanoyl)-2- 
proline t-butyl ester and the mixture is stirred at room 

'temperature for 5 hours and then refluxed for another 20 hours. 

* 

* The mixture is then cooled to room temperature and the precipitated 
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sodium bromide is removed by filtration. Ethyl acetate is 
then added to -the organic phase, which is then -washed with 
water. It is then dried ov r anhydrous sodium sulfate, 
filtered and the solvents are removed with a rotffry evap- 
5 orator. The protecting group, t-butyl ester, is then 

.removed by treatment with tri fluoroacetic acid in the pres- 
ence of anisole to yield the desired product. 

Example 720' 

. Synthesis' /o'F^t^^d^c&t-b^y^^henyl^rop.ylioxy)-?- 
10 pentaflu N orophBtiYl]-propanoyl3-L -proline 

Using the procedure just described in Example 719, the 
named compound is prepared from the reactants 2 -hydroxys- 
phenyl -butanoic-t-butyl ester and 2-bromo-3-pentafluoro- m 
phenylpropanoyl-L^proline-t-butylester. 
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Example "7 1 

Svrithesi . c r vtt ^car-bo xYe-ar yi*ltiTor) -T-P- ' 

methylpropsnoyr3-L-brorine «' 
0.25 mmoles of 3 -in rcapto-2-D-methylpropanoyl-J--proline f 
0.28 mmoles f 2-bromopropanoic acid and 0.16 mmole of 
K C0 3 were added to 0.6 ml. of a 50:50 mixture of absolute 
ethanol and water. The suspension was stirred overnight at 
room temperature. 0.25 mmoles of ^ 2 C0 3 in °* 15 ° f water 
was then added and the reaction mixture was stirred for an 
additional 24 hours. This mixture was then acidified to pH 
2.0 with HC1 and the product was extracted with ethyl ace- 
tate. The organic phase was washed with saturated NaCl. 
The product appearedto be pure and behaved as a single sub- 
stance on thin layer chromatography in two separate solvent 
systems. The ethyl acetate phase was dried over anhydrous 
MgSO^ and the. solvent was removed with a rotary evaporator 
to yield the named compound as a colorless oil. 

Example 722 

Synthesis of N-(1 -thiocarbonyl-3-phenylpropyl )-L- 
al a nyl -V-broll ne 

A solution of Q.T5 mmoles of 2-keto-4-phenyl butyric 
acid plus 0.15 mmoles of thiophenol in redistilled chloroform 
is cooled to -50°C in an acetone-dry ice bath. To this 
solution is -added-JJ.i 5 mmoles of a precooled solution of 
dicyclohexylcarbodiimide (DCC) in chloroform and the mixture 
is stirred at -50°C for 1 hour. The reaction mixture is 
slowly warmed -to room temperature and stirred for an addition- 
al 2 hours and then stirred at 4°C overnight.* The mixture is 
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filtered to rem ve dicyclohexylurea, th r- 200I d . n an ice 
bath. The organic phase is washed with sold water, cold IN 
Ma'HCD^ and finally with cold saturated NaCl. The organic 
phaa is 'dried vjer anhydrous MgSO^ and filtered* .The 
5 solvent ia removed with a rotary evaporator yielding the 
thiophenyl eater of 2-Keto-4-p.hen>abutyric acid. 

A solution of 40 mmoles of L-Ala-L-Pro and 200 mmoles 
of the product above in absolute ethanol is stirred with 
powdered molecular sieves at room^emperature for 1/2 hour. 
10 A solution "of 40 mmoles of sodium cyanoborohydride in 

ethanol is then slowly added over the course of six hours. 
The reaction mixture is filtered and the solvent removed 
with a rotary evaporator to yield the named product. The 
thio acid may be formed by removing the thiophenyl group. 
15 of the thiophenyl ester with NaSH. 

Example* 723' • 
Synthesis' "of >f-t3-(1^carbbx'yr-3-methylpentyl- 
thioQ>2>toethylpropanoylT-L^proline 

2-mercapto~4-methylhexanoic acid ethyl ester is pre- 
20 pared from the corresponding 2-hydroxy compound according to 
Erlenmeyer (Ber. 36) .2720 (3903). 

20 mmoles of methacryloyl chloride- is added with 
- vigorous stirring to a solution, of 20 mmoles of L -proline in 
.a mixture of water and sodium bicarbonate chilled in an ice 
25 water bath.* The mixture ds then stirred at room temperature 
for 2 hours and then extracted with ether. The aqueous phase 
is stalified with 1NHC1 and extracted with ethyl acetate. 
The organic phase is concentrated to dryness in vacuo. A 
suspension of .10 ramoles^of the residue and 10 mmoles of 2- 
30 *mercapto-4-methylh*exanaic -acid ethyl ester in toluene is 

refluxed for several hours until the reaction is essentially 
completed as indicated .by thin layer chromatography. The 
mixture is stored overnight at room . 
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temperature. Solvent is removed with a rotary evap rator 
yielding .the .ethyl .ester .of .the named product.' If the 
free acid is desir d, the ester product is saponified with 
NaOH to form the sodium salt of the naraed products* The 
named product Ss obtained by acidifying the sodium salt with 
one equivalent t>f HC1. * 

Example' 724 ." 

. Synthesis of N-[2^'(1-'oarboxyl'-2-phenyletfylthio)^ 

. 3 -p h'enyl p * op an oyl'3 -l^-pyol i nte' 
Phenylalanine (8g.) in 110 ml. of 485 HBr at -5°C is 
reacted with a cold, solution, of 10 g.NaNOj in 20 ml. of HjO 
at 5°C for 30 ninutes substantially as described by 
Yankeelov and Jolley (Biochemistry 11, 159 (1972))to yield 
the a-Br derivative. Th&tr.is, Br replaces the amino group* 
The product <15 mmoles) is reacted with 15 mmoles of the * 
ethyl ester of 2-mercapto-3-phenylpropandic acid in a mixture 
of ethanol and water containing K^CO^. The mixture is stirred 
until the reaction is complete as judged by thin layer 
chromatography. The solvent is removed with a rotary 
evaporator.. 15 mmoles of this product and 15 mmoles' of N- 
hydroxysuccininide is dissolved in dimethyl formamide (DMF) 
and cooled to 0°C in an irce-a-cetone bath. 15 mmoles of di- * 
cyclocarbodiimide (DCC) in DMF is added dropwise and the 
mixture stirred at 0°C.for 30 minutes and at '4°C. overnight. 
Crystalline dicyclohexylurea is removed by filtration* The 
solvent from the filtrate is -removed under reduced' pressure. 
The' resulting product is dissolved in cold tetrahydrofuran 
(THF) and then this solution, is added to a cold soldtion of 
15 mmoles of L-Pro and 15 mmoles of NaHCO^ in THF/water. 
The reaction mixture is. stirred overnight at room temperature 
and then, the THF is remov.ed with a rotary evaporator. The 
ethyl ester is remov.ed by saponification with NaOH to form 
the sodium salt and the named free acid is formed by aciriffi- 
cation with HC1. 
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Using an alternative -method, the L,3 ,4-iiehydroproline 
analog of this product is made. In this m thod, the thyl 
ester of a-Br-3-phenylpropanoic acid is reacted with 
2-mercapto-3- P henylpro P anaic acid. The resulting .compound is 
converted into its N-hydroxysuccinimide active ester as 
described above and then coupled to L-3.,4-dehydroproline, 
or the resulting compound is coupled with DCC to L-3,4- - 
dehydroproline ethyl ester. In either case, the ethyl ester 
protection is removed by saponification. 

Example 725' ' ' 

Q r »«-h»«i fi of .2-Ce--c a rboxv)-b^iD0vloxy]-5-a l ninohexanoyl- 

. L-thioprolifte 2 
5 mmoles of the compound Pht-NH-( : CH 2 ) A -CH(0H)-C-QH is 
dissolved in ethyl acetate and cooled to O'C in an ice-acetone 
bath.' 5 mmoles of DCC in EtOAc is added followed by the 
addition of 5 mmoles of L-thioproline ethyl ester in EtOAc. 
The reaction mixture is stirred overnight at 4°C. The 
reaction mixture is worked-up by the addition of ethyl 
acetate and filtration. The filtrate is washed with satur- 
ated NaGl, O^N NaHC0 3 and finally saturated NaCl.' The 
organic phase Lb dried -over anhydrous MgSO^- and the solvent 
removed by a rotary evaporator to yield 

8 r~~\ : * 

VgL - KH — (CH 2 ) 4 - CH(OH) - C - N 1-00002%. 

S'ramoles^the ethyl ester of 2-Br-butyric acid is 
..added, plus 1 .equivalent of sodium to produce the ether 
compound. The Pht group is removed by hydrazinolysis. The 
ethyl esters are -.removed by saponification with NaOH and 
. free acid formedlby acidification with HC1. The named 

product is obtained, by evaporation of solvent or crystalli- 
„ zation followed by filtration, or decantation. . 
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Example 726 " 

* Synthfe'sl's" "o f 3-'N:-(T'-ciB'rboxy*-2"phenyl ethyl 0-v 
a mi'n o p * o p a n"o y 1 -t -*5-tte t faT-'p'r'ol Ihe* 

60 mmoles -of 3-N- ( benzyloxycarbonyl )-arainopropanoic acid 
is dissolved in CH^Cl^ at 0°C. 20 mmoles of N-hydroxy- 
5 succinimide is added and then 20 mmoles of DCC is added drop- 
wise to this mixture. The reaction mixture is stirred for 
30 minutes at 0°C and then overnight at 4°C. Crystalline 
dicyclohex*yiurea J.s removed by filtration. The solvent from 
the filtrate is removed under reduced pressure. The resulting 

10 product is dissolved in cold THF and then the solution is * 
added to a cold .solution of 20 .mmoles of L -glutamic acid and 
40 mmoles of NaHCO^ in THF/water. The reaction mixture is 
stirred overnight at room temperature and then the THF i& 
removed with a rotary' evaporator. The glutamyl residue Is 

15 cyclized to give the L-5-keto-pToline residue according to. 
Gibian H. and Klieger E. , Justus Liebig's Ann . Chemie. 3640 , 
14'5 (1961). The benzyloxycarbonyl group is removed by " 
treatment with hydrogenol ysis. 

A solution of 40 mmoles of this product and 200 

20 mmoles of 2-keto-3-phenylpropanoic acid t-butyl ester in 
ethanol is stirred with powdered molecular sieves at 'room 
temperature for 1/2 -hour. A solution of 40 mmoles of sodium 
cyanoborohydride in ethanol is slowly added over the course of 
six hours. The reaction, mixture is filtered. The t-butyl 

25 ester' is removed by treatment with TFA in anisole. The named 
product is obtained after -removal of the solvent with a 
rotary evaporator. 

Example" 727 ' 
Synthesis" of tj-L2-(1"-c^rl3ioxVethylttilb')- 
30 propanoyl]- t r -3 '-try d r o x yp r o 1 'ins ' 

Into 200-mmoles of ~2-bromopropioriic acid dissolved in 
350 ml. of dry dichLoxbmethane plus 2 ml. coned. H^SO^ is 
bubbled a stream of 2-methylpropehe at room temperature for 
1% hours, .and the sealed vessel 'is stared overnight, to form 
5 ^ the t-butyl ester. .The volume of the solvent 
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ie r du'ced by two-tj ixds under reduced pressure. . The 
p * residual solution it diluted in ethyl ether and the organic 

phase is then washed successively with IN s dium bicarb nate, 
and saturated sodium chloride. The organic phase is dri d 
5 over magnesium sulfate and the solution is filtered and the 
solvent is removed at reduced pressure* The t-butyl ester 
is then purified by vacuum distillation. 10 mmoles of the 
product is reacted with 10 mmoles of thiolactic acid in a 
mixture of ethanol and "water containing K 2 C0^. The mixture i 

1Q is stirred until the reaction, is complete as judged by thin, 
layer chromatography. The solvent "ia removed with a rotary 
evaporator. The residue is dissolved in water and washed 
with ethyl ether. To the. aqueous solution is added 25 ml. f 
ethyl ether and* 5 ml- of ethyl acetate. The mixture is 

15 cooled in an ice bath and then acidified with coned. HC1." 

The organic phase is separated and washed twice with satura- 
ted sodium chloride and then dried over anhydrous MgSO^ and 
filtered. Solvent is thereupon removed with a rotary .evap- 
orator. 5 mmoles each of the product and N-hydroxysuccinimide 

20 are dissolved in CH 2 C1 2 /DMF (7:2 by volume) and cooled to 
-4°C in an ice-acetone -bath. 5 mmoles of DCC in dichloro- 
methane are added dropwise and the mixture stirred at *-4°C 
• for 30 minutes and at "+4°C overnight. Crystalline dicyclo- • 
hexylurea is removed by filtration, and the solvent is 

•25 . removed from the "filtrate under reduced pressure. The 
residue is dissolved in EtOAc, washed until neutral and 
recovered frora--the solvent.. The resulting product is 
dissolved in T.HF and water (J :.1 ) at room temperature and 
then this solution is added dropwise to 5 mmoles each of 
. 30% L-3-hydraxyproline and NaHCQ^ in. THF/water (1:1) which has 
been prepared by dissolving L-3-hydrox'yproline in THF, 
added dropwise, followed by addition of H 2 0 and NaHCO^. 
The reaction mixture is stirred overnight at room temperture 
and then the THF is removed ^ 
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with a rotary evaporator. The t-'butyl ester is removed by . 
treatment with TFA in anisole to yield th nsmed product.' 

Example. 72B 
Synthesis, of. N^.(2.-mercaptoisopropyl )i-L- ; 
5 aLanyl— L -proline • 

60 mmoles of pyruvic acid is coupled to 60 mmoles of 
L -proline t-butyl ester using 60 mmoles of DCC as described 
in Example 722 to yield N-pyruvoyl-L-proline ethyl ester. 
40 mmoles of this product is reacted with 200 mmoles of 2* . 
10 araino-l-propanol in ethanol with stirring in the presence of 
molecular sieves at : room temperature. A solution of 40 mmoles 
of sodium cyanoborohydride in ethanol is then slowly added 
over the course of 6 hours. The reaction mixture is filter-* . 
* ed and the ©olveht 'removed by a -rotary' evaporator. The 
15 product, is purified by partition chromatography (Sephadex 
G-25 developed -.with butanol/acetic acid/^Q (4:1:5). 20 
mmoles of this product is converted to the corresponding 
mercapto compound as- described in Examples 723. The ethyl 
ester is removed by saponification to yield the named 
20 product.* 

Example. -729 - • 
Synthesis .of. .2-»[1 -.'car boxy.-2-phenylethoxy} . 
. propanoyl~L-proline . 
5 mmol-esi-of -2-hydroxyl-3-phenylpropanoic acid ethyl 
25 ester and 5 mmoles of 2-bromopropaooic acid t-butyl ester 
are reacted in the presence of 1 'equivalent *of sodium to 
form the -product *2-[ (1-eihoxycarbonyl-2-phenyl)-ethoxy]prop- ; 
anoic acid t-butyl ester. The t-butyl ester is removed by 
treatment -with -TFA in anisole. The resulting product (5 
30 mmoles) is dissolved in DMF and reacted with 5 mmoles of 
L -proline in the presence of 5 mmoles of DCC as described 
in Example 725- The ethyl ester is removed by saponifica- 
tion with ethanolic K0H and the acid formed by acidification* 
'-'5 with HC1 yielding the named product.* _ 
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" Example 730 ' ' 
ii-T2-(tBtrahydrb-y-methyl-2-furanone-3-thib- ; 
p rop'ano yl*] -L-p rol i ne' 

A solution, of 1/52. ml. (0.011 mole) of anhydrous K 2 C0 3 
in 3 ml. of water was added dropwise to a solution of 1.88 
grams (0.0105 mole) of a-bromo-V'-valeralactone and 1*0 6 gm 
(0.01 moles) of thiolactic acid in. 3 ml. of absolute * 
alcohol with stirring and cooling in an ice-acetone bath. 
The cooling bath was removed S'roinufees after complete 
addition of the" bicarbonate solution. The mixture was 
stirred at xoom-temperature overnight and 20 ml. of water 
was added. It was then, washed 3 times with diethyl ether, 
cooled in an ice -bath, acidified with 1.0 ml. Gf concentrated 
HC1 and extracted three times with 10 ml. of diethyl ether. 
The combined organic phase -was washed 3 times with aqueous 
saturated NaCl, dried -over anhydrous MgS0 4 and filtered. 
Solvent was removed with a rotary evaporator. The product 
was a light yellow oily residue in a yield of 1.77 gm. 

It showed, upon infrared examination in chloroform, a 

strong, broad carbonyl band of the C00H group at 17.20 cm"" 1 , 

a very strong, sharp carbonyl band characteristic jof lactone 

i —1 
at 1768 cm" , a strong, .sharp, lactone ester band at «1178 cm 

and there was also absorption between 2400 and 2800 cm" 1 . 

The crude 4>Toduct was -dissolved in 4 ml. of dichloro- 

ethane with cooling in *n ice-acatone bath. There was added 

0.997 grams (t00087 moles) of hydroxy succinimide in 2 ml. 

of dimethylformamide with continued cooling, followed by 

addition of 1.969 grams (-0087 moles and 105J excess) of di- 

c.yclbhexylcarbodidmide dissolved in. 4 ml. of dichloroethane. 

The mixture was stirred in the ice-acetone bath for 30 minutes 

and then stirred at-4°C overnight. Dicyclohexylurea (1.78g.) 

was removed by filtratron and washed with ethyl acetate 

(20 ml.) and diethyl ether (10 ml.*). The remaining organic 

phase was washed twice with I.N sodium bicarbonate and twice * 

with saturated NaCl and dried ; 
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over anhydrous MgSO/^ and filter. d. The si , t .:it was then 

removed under high vacuus to give 2.62 g. £ a light, oily 

residue. 

450 mg. (1.5 csnoles) of the crude oily residue in 1 ml. 
of dioxane was added to a solution of 1.72 mg. (0.55 inmoles) 
of L-proline and 146 mg. (1.5 mmoles) of NaHCO^ in 1 ml. of 
water and the mixture was stirred at room temperature for 30 
minutes. 0.5 al. of dioxane was then added. and the mixture 
was stirred at roon temperature oversight. The reaction being * 
then incomplete, 2 ml. of dioxane and 1 ml. of water were added 
and the mixture was stirred for an additional 24 hours. 10 ml. 
of water and 1 ml. of 1H sodium bicarbonate were then added and 
the mixture was extracted four times with 2 ml. of diethyl 
ether. 10 ml. of ethyl acetate was then added and the mixture 
cooled in an ice bath and acidified with concentrated HC1 to 
pH2. The aqueous phase was extracted three times with 5 ml. of 
water and the combined organic phase was washed 3 times with 1 
ml. water and twice with saturated NaCl solution. The organic 
phase was dried over anhydrous MgSO^ and filtered and the 
solvent removed under high vacuum yielding 313 mg. of a thick 
oily residue. After purification by Sephadex.LH-20 column 
chromatography (1.2 x 97.5 cm.) and repurification by the 
same system the .product in chloroform solution was examined 
by infrared. It retained the strong, sharp ester band of 
lactone at 1181 cm" 1 , shoved a new strong, sharp amide carbonyl 
band at 1640 cm" 1 , the carbonyl band of the carboxyl group 
appeared as a shoulder at 1722 cm" 1 , a very strong, sharp 
carbonyl band of lactone appeared at 1760 cm"* 1 and C00H 
absorption appeared between 2400 and 2800 cm" 1 . The product 
was subjected also t paper electrophoresis at pH2 and 5 
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Example 731 ~ - 
N-2- Cl-carb xyl-3-hydroxybutylthio)-propano yl-L-proline 
The product of Example 730 (0.5 maole) is c ntacted with a 
molar excess (0.8 maole) ethanolic KOH for 3 hours. Ethanol is 
removed vith a rotary evaporator, 5 ml. of ethyl acetate and 1 
ml. of vater is added and the mixture is cooled. It is then 
acidified with concentrated HC1 to pH2, washed twice with water 
ahd 3 times with saturated salt solution, dried over anhydrous 
MgS0 A , and filtered. The solvent is then removed with a rotary 
evaporator and the product is then subjected to thin layer 
chromatography . 

Example 732 

M-2- a-carboxyl-3-acetyloacybutylthio) -propanovl-L-proline 
The product of Example 731 (0.5 m. mole) is dissolved in 1 ml. 
of pyridine and reacted with acetic anhydride (0.75) moles. 
■ Completion of the reaction is determined by thin layer 

chromatography. 

Example 733 

Synthesis of N- 1 (l-carboxy-2-benzyloxy) ethyl ]-alanyl-L- 
proline — 

N-pyruvoyl-L-proline, 50 nmoles, (prepared as described in 
Example 728 is reacted vith 10 xsmoles of the ethyl ester of 
O-benzyl-serine in -ethanol vith stirring in the presence of 
molecular sieves at room temperature. A solution of 10 imnoles 
of sodium cyanoborohydride Is ethanol is added slowly over 
5 hours. The reaction mixture is filtered and the solvent of 
the filtrate removed by a rotary evaporator. The product is 
purified by conventional colxazn chromatography techniques. The 
ethyl ester group is removed by saponification to yield the 
named compound. 



Exanples 7 v -_7 31 
By substituting the ethyl est ir of 0 -benzyl -serine in 
Example 733 with the ethyl ester of each reactant compound 
listed in the Table, a series of analogs are formed of the 
general formula: 
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I 1 H I J II 
HC - N - CH - C - N 

I 

COOEt 



n 



•C - COOH 



wherein R^ is as shown in the table. The ethyl ester is 
converted to free acid, if desired, by saponification in each 
instance. 

Table 



Exarrple No. 
735 

736 

737 

738 

739 
740 

741 
742 

743 



Reactant 

Ethyl ester of 0 -methyl- 
serine 

Ethyl ester of O-ethyl- 
serine 



Ethyl ester of O-terSbutyl- 
serine 



Ethyl ester of H-S-Boc- 
ornithine 

Ethyl ester of N-e-3oc- 
lysine 



CH 3 OCH2^ 



CH3CH2OCH2- 



CH3- 



OCH2- 



Ethyl ester o 
lysine 



£ N -^bo- 



Ethyl ester of O-benzyl 
threonine 



Ethyl ester of 0- ethyl - 
threonine 



Ethyl ester of 0-t-butyl- 
threonin 



E 

Boc-N- (CI^)^- 
H 

Boc-N-(CH 2 ) A - 
H 

Cbo-N-(CH 2 )4- 

0CH2$ 
CH 3 -CH- 

CH 3 -CH- 



0-C-(CH 3 ) 3 



CH 



X. 



745 
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Table (cont.) 



Example Wo. Reactant 



744 Ethyl ester of 0-benzyl 

tyrosine 




Ethyl ester of 0-methyl C&^O^ j 

tyrosine 




746 Ethyl ester of 0-ethyl CH 3 CH 2 0$CH 2 - 
tyrosine 

747 Ethyl ester of 0-t.butyl <CH 3 ) 3 -C-0-*CH 2 - 
tyrosine 

748 Ethyl ester of S -benzyl $CH 2 S-CH 2 - 
cysteine 

749 Ethyl ester of S-methyl CH 3 S-CH 2 - 
cysteine 

750 Ethyl ester of S-ethyl CH 3 CE 2 -S-CH 2 - 
cysteine 

751 Ethyl ester of S-acetyl (CH 3 ) 2 - C r 
penicillamine I 



S-C-CH-a 

H 3 

0 



Example 752 

The products of Examples733 and737 are each converted by 
treatment with anhydrous EF in the presence of anisole so 
that Hi of the formula of Example734 becomes H0CH 2 . 

By th2 same treatment the product of Example738 is converted 
so that R X thereof is NK 2 (CH 2 ) 3 -, the product of Examples742 
and743 are converted to a product in which becomes 
OH 

CH 3 - CH -. and the products of Examples744 and745 are each 



c nverted to & product in which is 
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-«hmrh «ls of W-r(1.3-dicaT axy^ propyl ^Alanyl-Proline 
A solution of 50 nzmoles of the diethyl ester of -keto- 
glutaric acid and 10 n=noles of L-Ala-L-Pr in ethanol is stirred 
with powdered molecular sieves at room temperature for 30 
minutes. A solution of sodium cyanoborohydride, 10 mmoles, 
in ethanol is added slowly over the next 5 hours* The mixture 
is filtered, and the solvent of the filtrate is removed with a 
rotary evaporator. The residue is dissolved in 607. acetic 
acid, and the solution is extracted twice with ethyl acetate. 
The solvent of the aqueous phase is removed by freeze-drying. 
The product is obtained by partition column chromatography 
[butanol/acetic acid/l^O (4:1:5 by vol.)]. The named compound 
is obtained by removing the ethyl ester protecting groups by 
saponification. 

Example 7 5A fj£ 

Synthesis of N- 12- (dicarboxyethylthio) -butyl] -4-keto-L- At 
proline _ ^ £r'S~f* 

The acid chloride of 2-bromo-butyric acid, 10 maoles, and 

2M NaOH, are separately added dropwise over 30 minutes to a 

solution of L-4-keto-proline , 10 mmoles, in 1 M KaOH: all at 

0°C. The reaction is then stirred at room temperature for 

3 1/2 hours. The mixture is cooled to 0°C and then acidified 
with cold concentrated P-2SO4 to pH 2. The mixture is extracted 

4 times with ethyl acetars. The ethyl acetate extracts are 
pooled, and the resulting solution is extracted with 10 isnol 
of NaHC0 3 in H 2 0. The aqueous phase is extracted several 

times with ethyl acetate and then is acidified with concentrated 
HC1 in the presence of fresh ethyl acetate. The organic 
solution is washed with saturated NaCl and then dried over 
anhydrous MgSO^. After filtration, solvent is removed under 
high vacuum. The residue is dissolved in ethanol and is 
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sodiuc ethoxide as base; all at 0°C. ie mixture is srirred 

-under K 2 for 10 minutes at 0°C and then at room temperature 
overnight. Solvent is removed with a rotary evaporator. The 
residue is dissolved in i^O, and the solution is extracted 
with diethyl ether. The aqueous solution is acidified to pH 2 
with concentrated HC1 and the product is extracted into ethyl 
acetate. The ethyl acetate phase is washed with saturated 
KaCl and then dried over anhydrous llgSC^. After filtration, 
solvent is removed under reduced pressure. The named * compound 
is obtained by partition column chromatography (Sephadex 6-25 
equilibrated and developed with butanol /acetic acid/I^O 
I4:1:5J). 

Example 755 

Synthesis of N- [ (l-carboxy-2-phenyl) ethyl] -alanyl~L- 
proline thio acid 

Proline thiophenyl ester 9 AO mmoles, is coupled to pyruvic 

acid, 40 nmoles; using the DCC coupling procedure of Examples 

'22and724to yield N-pyruvoyl-L-proline thiophenyl ester . L- 

Phenylalanine, 5 rznoles, and N-pyruvoyl-L-proline thiophenyl 

ester, 20 mmoles, are stirred in ethanol with molecular sieves 

at room temperature for 30 minutes. Sodium cyanoborohydride, 

5 cmoles, is added slowly over 6 hours. The molecular sieves 

are removed by filtration, and the solvent of the filtrate is 

removed under reduced pressure. The benzoyl group of the 

thiophenyl ester is removed with NaSH in ethanol, under to 

yield the named compound. 

Example 75 6 

Svnthe si s of N- (1- smido- isopropyl) -alanyl -L-proline 
N-pyruvoyl-:L-proline is prepared by the DCC coupling 
method of Examples 722and724. Leucine amide, 5 mmoles, and 
N-pyruvoyl-L-proline, 25 moles, are stirred in ethanol vith 
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After i Ltration, the solvent f the filtrate is removed under 
reduced jressure. The named compound is obtained by 
chromatography on LH-20 equilibrated and developed -with 67. 
. but an 1. 

Example 757 

Synthesis of N- 1 <l-carboxy-2-phenyl) ethyl] -alany 1-L- 
proline amide 

N-pyruvoyl«-L-proline amide is preparedly coupling 20 
mmoles of pyruvic acid and 20 mmoles of L-proline amide 
essentially as described in Example722. L-?henylalanine, 
•5 mmoles. and N-pyruvoyl-L-proline amide, 20 mmoles, in 
tetrahydrofuran are stirred with molecular sieves for 30 
minutes end then sodium cyanoborohydride, 5 mmoles, is added 
slowly over- 6 hours. After filtration, solvent is removed from 
the filtrate. The ethyl ester is removed by saponification to 
yield the named compound. 

Example 75S 

Synthesis of N- [ 2- (l-carboxy-2-phenylethylthio) -3- 
benzyloxypropanoyll -L-proline — 

0-Benzy 1-s erine is converted to 2 bromo-3-benzyloxy- 
propanoic acid by the bromination technique described by 
Testa et al. (Helv. Chim. Acta 46, 766, 1963). 

This compound is-converted into its N-hydroxysuccinimide 
ester according to the method of Example 724and is coupled to 
L-proline- t-butyl-ester as is also described in Example 724. 
This method will not work fsr dehydroproline. 

The resulting product is then reacted with 2-mercapto-3- 
phenylpropanoic acid essentially as described in Example 724. 
The t-butyl ester is removed by treatment with trifluoro- 
acetic acid in the presence of anisole to yield the named 
compound. 



-/Y2- 0048159 
Exacples 759-7 63 

By substituting one of the reactants of the following 

Table for 0- benzyl -serine in Example 75 8, a series of analogs is 

obtained in vhich R3 is as shown: 

CH - S - CH - C - N L-C&oH '"""f 

I * 
r> COOH 9^*4 

Table 

Example Reactant R3. 

759 0 -methyl -serine CH3O-CH2 

760 0- ethyl- serine C2H5O-CH2 

761 0-benzyl- threonine ^Cl^O^H- 

762 0-methyl- threonine CH3O-CH- 

CH3 

753 0- ethyl- threonine C2H5-O-CH- 

CH3 

Example 764 

The compound synthesized in each of Example 758 and 
Example 761 are, by treatment vith anhydrous HF in the presence 0^ 
of anisole, converted to compounds in which R3 is respectively At 
either H0CH 2 - or HOCK- . 

CK-a » 



Example 76 5 

By the methods described in United States Patent No, 

4,204 t 991 f the serine based compounds of Examples 759-760 are 

converted into the corresponding dehydro-alanine analogs, and 

the threonine based compounds of Examples761-763are converted 
• . • . . # j « 1 j v..---— -J. — j j - — * — — * *" 



Example 766 - / 'V 3 - 004 9 

By reacting the 2-brQmo compounds produced in the secc 
step of each of Exacples758-763 inclusive with 2-hydrcxy-3- 
phenylpropanoic acid ethyl ester in the presence of 1 equivalent 
of sodium, analogs of the compounds of each f Examples 758-763 
are forned in which the thioether linkage is replaced with an 
ether, oxygen. 

Example 767 

Synthesis of N- (l-ethoxycarbonylethyl)-L-alanyl-L-proline 
N-pyr^voyl-L-proline, 50 mmoles (prepared as per Example 
is reacted with 10 mmoles of the ethyl ester of alanine and then 
; with 10 moles of sodium cyanoborohydride according to the 
method of Example 733 . The product is recovered and purified 
as described in Example 733. 

Example .76 8 

The inhibitory potency of several compounds in vitro was 
measured in the following assay. The I^q values are reported 
in Table 1. Human plasma ACE was assayed in 0.05 M Hepes 
buffer, pH 8.0 containing 0.1 M NaCl'and 0.75 M ^SO^. 
The substrate employed was hippury 1 -His -Leu at a final 
concentration of 1 x 10"^ M, (Km « 2 x 10~* M) , together 
with about 130,000 cpm/50 pi of [ 3 H]hippuryl-His-Leu (25 
Ci/mmole) . Enzyme was diluted in the above buffer such that 
40 ul of buffered enzyme was capable of hydrolyzing 137. of 
substrate in a 15 minute incubation at 37 °C. To initiate 
the assay, 40 jxl of enzyme and 10 pi of buffer or inhibitor 
dissolved in buffer were preincubated for two minutes at 
37°C. Substrate, 50 ^il f was then added to initiate reaction 
and the solution was incubated for 15 minutes at 37 °C. To 
terminate the reaction, 1 ml of Oil M HC1 was added, following 
which 1 ml f ethyl acetate was added. The mixture was 
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- 144 - 

An aliquot, 500 ul. of the ethyl acetate layer was 
transferred to a liquid scintillation vial containing .10 ml 
ofRiafluor, trademark New England Nuclear Corporation, Boston, 
Massachusetts. T r determination of I 5Q values, enzyme 
activity in the presence of inhibitor at a series of different 
concentrstions was compared to activity in the absence of 
inhibitor. A plot of log inhibitor concentration versus per-, 
cent inhibition yielded the 1 5Q value; the concentration of 
inhibitor required to reduce enzymic activity by 502. 

Table 1 • 

. Compound I 50 
N-&-(1-carboxyethylthio)-2-D- *-5 x 10 " M 

methylpropanoyl]-L -proline • 
N-[2-(1-carboxy-3-hydroxy-butylthio)- 3 x 1& M 

propanoyl]-L-proline 

N-[.2-(tetrahydro-5-methyl-2-furenone- 1.3 x 10" M 
3-thio)-propanoyl]-L -proline 

N-(1-carboxyethyl)-L-alanyl-L -proline B x 10" M 

(Known Compound) 

N-(1-ethoxycarbon'ylethyl)-L-ala'nyl- _ 

L-proline * * ™ " 

N-[2-(1-carboxyethylthio)-propanoy:Q-L- 

, . no 4 x 10~ 7 M 

proline 

Example 769 ■ 

Intravenous Effectiveness of N-t3-*( 1-carboxyethy l-. 
thio ) -2-D-methylpropanoyl J-L-prolinte' " 

Rats (190-290 g body weight) were fasted overnight and 
then anesthetized with intraperitoneal pentobarbital, 50-60 
mg/kg. Tracheostomy was performed and the animals were 
ventilated mechanically. A cannula was inserted into a 
femoral vein for injection of angiotensin I, and a second 
cannula was inserted into a common carotid artery for 
direct measurement of arterial blood pressure. Heparin, 
1,000 units, was injected via the femoral vein to prevent 
coagulation. Blood pressure was measured with a pressure 
transducer connected to a polygraph. The rats were injected 
with 400 ng/ml of angiotensin I in 20 yl 



004815 

c: 0.9 g 7. NaCl; an amount of angiotensin I sufficient to raise 
oean arterial blood pressure by approximately 40 bud Eg. 
After the responsiveness of a given rat to angiotensin I was 
established, the named compound at 20 jjsaole/kg (drug dissolved 
in 0.15 ml of H 2 0 plus 10 jil of 1 N HaHC0 3 ), was given 
intravenously. At timed intervals, the effects of 400 ng/kg 
of angiotensin I on mean arterial blood pressure were tested. 
Results are shown below: 

Time After IV Blood Pressure Reponse to 

Administration 400 ng/kg of Angiotensin I 

(minutes) (7. of Control^ 



-5 100Z (40 mmHg) 

+2 67.5 * 

8 62.5 
15 37.5 
21 37.5 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is 
capable of further modifications and this application is intended 
to cover any variations, uses, or adaptations of the invention 
following, in general, the principles of the invention and 
.Including such departures from the present disclosure as come 
fithin known or customary practice within the art to which the 
invention pertains and as siay be applied to the essential 
futures hereinbefore set forth, and as fall within the scope 
of .the appended claims . 



1. Novel compounds having th< general formula 

f I *2 S f 4 F 5 « 

<H\ "f* - X ■ ^Vm - - C - N - C - C - R 6 

R 2 Ry (R 10V 

wherein x and ij are 0 or 1, X may he S, 0 or N-Rj and Rg may be 
-H or -CH^,m is 0 or 1, and R^q is H, CH^, F, CI or Br; 

R2 is COOR, CH 2 C00H, COSH, XH 2 COSH, CH 2 SH. CB^CH^SH, a 
physiologically acceptable non-toxic salt of any of them; COOY; 
I Cl^COOY, COSY, C^COSY, CH 2 SY or CH 2 CH 2 SY, wherein Y Is phenyl, 
j benzyl or* a 1-5 carbon alkyl group, C^°-H^^ wherein either 

of and A 2 may be H, phenyl, benzyl or a 1-5 alkyl group; 

and together form a ring with the nitrogen and carboz 
atoms to which they are respectively attached, which ring is on< 
of the structures: 



/ - i CH -. 


- J— — ^CH -, 
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gu a nidi no, nitroguanidino or thioguanidino and that the five or 
six-membered rings may be disubstituted with -*0H, F, CI, Br, 
I, OCH, , or any combination of two of these substituents; 



R fi is NH 2 , -QM or -SM, wherein H may be H, an alk'yl group 
of 1-3 carbon atoms or any other ester moiety hydrolyzable 
under mammalian 'in vitro conditions to -OH, or an ionically 
bonded anion of a physiologically acceptable non-toxic salt; 

R 7 is H,j -CHj ,_ halomethyl , hydroxymethyl , aminomethyl or 
mercaptoroethyl ; 

Rg is H-, CHj7- r amino, halomethyl, hydroxymethyl, amino- 
methyl, dihalomethyl , trihalomethyl , mercaptomethyl, methoxy- 
methyl, methylthiamethyl , methoxycarbonylmethyl ,* cyanomethyl, 
benzyl, acetoxymethyl , CH 2 s CH - CH 2 , isobutyl, mercaptoalkyl 
of 2-3 carbon atoms, hydroxyalkyl of 2-3 carbon atoms, ethyi, 
acetylthioethyl , benzamido, acetaraido, phthaloylaminoalkylene 
wherein the allcylene group has .1-4 carbon atoms, alkoxycarbonyl 
isoalkylene wherein the alkyl group contains 1-6 carbons and 
the isoalkylene group contains 3-5 carbons, benzoyl amine , 
alkanoylamine of 1-6 carbons, alkylamide of 1-6 carbons, 
phenylamine or alkylamine of J. -6 carbons. 
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- -3 - ... 
(A) R 1 and R 3 are thje same or different 'and are each 
any of 

(i) mono-N substituted altcylene of 2-4 carbons 
wherein the N substituent is benzoyl, Boc, Cbo, Tos, formyl 
or acetyl; 

(ii) hydroxyphenyl or hydroxyphenyl--(1-6C)-alkyl- 
ene hydroxyalkylene having 1-4 carbons, or thiol analogs 
thereof, 

(iii) mercaptoalkylene of 1-6 carbons; 
(iv> phenylalkylene wherein the alkylene group has 
1-6 carbons, ^-Cj straight or branched chain alkyl or phenyl, 
(v) phenylthioalkylene, phenoxyalkylene, benzyloxy- 
alkylene or benrylthioalkylene wherein the alkylepe group has 
1-6 carbons; 

(vi) alkyl t hi o alkylene wherein the alkyl : and alkylene 

groups have 1-6 carbons; 

(vii) alkoxyphenyl or alkoxybenzyl in which the 
alkoxy group has 1-6 carbons, ph&noxyphenyl , phenoxybenzyl , 
benzyloxybenzyl or benzyl oxyphenyl or a thioether analog of 
any of them; 

(viii) -( c H 2 0 n - CH— CH 3 wherein n = 0 - 4 and B = H 

OB 

or a 1-6 carbon alkyl group; or an -SB analog thereof; 

<ix) - (CJ^COQZ or (CH 2 ) p C0SZ wherein p = 0 - 3 and 

2 is H, phenyl, benzyl, a 1-6 carbon alkyl group, or an anion 

of a physiologically acceptable salt; 

(x) -fcH 2 ) n - CH - CH 3 or -(CH 2 ) n - CH - CH^ 

O-C-2 C-OZ 
ti » 
0 0 

or -(CH 2 ) n - CH CH 3 or -(CH 2 ) n - IJH - CH3 

S - C - Z C - SZ 

it » 

R 0 
wherein n and Z each have the same significance as above; 

D D 

(xi) H0-(CH„) - CH - or HS - (CH.,) - CH - wherein 

% 2. n £. n 

n = 0 - 4, D is phenyl, thienyl or a 1-3 carbon alkyl group; 



« 
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0 OH 
CH 2 ) n -, G - (CH 2 ) q - C - (CH 2 ) n -, G - (CH 2 ) q 



(CH 2 ) n NH 2 - C - (CH 2 ) q - C - (CH 2 ) n NH, - C - <CH 2 > q - 
OH 5 0 

CH - (CH 2 ) n - 

wherein G is an alkacyl or alkacyloxy group of 1-6 carbons, 
a benzoyl or benzoyl oxy group, or a phenylalkacyl or phenyl - 
alkacyloxy group wherein the alkacyl or alkacyloxy group 
contains 2-6 carbons and q and n. have the same significance 
as set forth above; 0 OH 

(xx) K - (CH 2 ) n - C - (CH 2 ) n - t>r K (CH 2 > n - CH - 

wherein n has the significance stated above and K is selected 
from carboxyphenyl , aminopherryl ," nitrophenyl , halophenyl/ 
hydroxyphenyl, alkylthiophenyl , alkylphenyl, mercaptophenyl , 
cyanophenyl, raercapto-carbonylphenyl, alkylcarbonylphenyl , 
alkylcarbonyloxphenyl ,' hydra^i nophenyl, ureidophenyl ,l alkyl- 
carbonylaminophenyl, alkylcarbonylthiophenyl , alkaloxyphenyl 
and hydroxy roinophenyl, wherein all alkyl groups contain 1-6 
carbon atoms; 

0 OH 
(xxi) L - (CH 2 ) n - C - (CH 2 ) n - or L-(CH 2 > n - CH - 

(CH 2 } n " 

wherein n has the significance stated above and L is selected 
from cycloalkyl groups of 3-7 carbons which may be unsubstitu- ; 
ted with up to two groups selected from among carboxy, amino, 
nitro, halo, hydroxy, mercapto, mercaptocarbonyl , hydroxy- . 
amino, alkyl, al kylcarbonyl , alKylcarbonyloxy , alkylthio, 
alkylcarbonylamino, alkylcarbonylthio, cyano, hydrazino, 
ureido and alkyloxy, wherein all alkyl groups contain 1-6 
carbon atoms; 

(xxii) guanidino alkylene, thioguanidinoalkylene, 
or nitroguanidino alkylerre in which the alkylene groups 
contain 1-6 carbon atoms; 

(xxiii) ring substituted aryl groups in which the 
ring substituents may be the same or different and may comprise 
up to 
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five per ring of any ox the following: - NH^ - 0Z, -SZ, halogen, 
-CH, -HO^. -C00Z, COSZ, C0NH 2 , -HK1IH 2 , alkyl, alkylcarbonyl . 
alkylcarbonyloxy, alkylcarbonylamino, haloalkyl, dihaloalkyl, 
trihalomethyl , hydroxyamino , alkylcarbonylthio, phenoxy, and 
benzyloxy wherein the alkyl groups contain 1-6 carbon atoms 
and Z has the same significance as above; 

(xxiv) amidoalkylene or alkyl carbonyl-aminoalkylene wherein the 
alkyl and alkylene groups contain 1-6 carbon atoms; 

(xxv) hydroxyaminoalkylene of 1 - 6 carbons; 

(xxvi) vinyl and substituted vinyl groups in which the 
aubstituents may be alkyl, aryl, cycloalkyl or heterocyclic 
groups; 

(xxvii) unsubstituted heterocyclic groups selected from 
among phenothiazinyl. pyrrolidiny 1 1 pyrrolyl, quinoiinyl, 
imidazolyl, pyridyl, thyminyl, benzothiazinyl, indolyl, 
thienyl, purinyl, piparidinyl, morpholinyl, azainolyl, pyra-,, 
zinyl, pyrimidyl, piperonyl, piperazinyl, furanyl, thiazolyf^ 
and thiazolidinyl, cytosinyl; 

(xxviii) alkylene or alkenyl groups of 1 - 6 carbons sub- 
stituted with one of the heterocyclic rings from (xxvii) 
above ; 

(xxix) groups from (xxvii) cr (xxviii) above, containing up 
to four ring substituantc en the heterocyclic ring selected 
from among -0Z t -SZ, -COCZ. -H0 2 , -KH 2> -COSZ, halogen, halo- 
alkyl, dihaloalkyl, trihalcmethyl , cyano , -C0NH 2 , alkyl, 
alkylcarbonyl , elkylcarbcnyloxy , alkylcarbonyl- amino , alkyl- 
carbonylthio , phenoxy, benzyloxy, -NH$-NH 2 , - NHNH 2 and HONH - 
wherein Z has the same significance as above; 

(xxx) groups from (xxvii) f (xxviii) or (xxix) attached to 
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(xxxi) mono-, di- or tri-alkyl-, alkenyl- or ; henyl- 

silyl or selenyl wherein the alkyl or alkenyl groups con .ain 
1-6 carbons. 

When R is a group from among (xi) - (xxxi) above, R^ 
may also be any of H, 1 - 5 carbon straight or branched chain 
alkyl, phenyl, -OH, alkoxy of 1 - 5 carbons, benzyloxy, 
benzyloxyalkyiene or phenoxyalkylene wherein the alkylene 
has 1-5 carbons, alkoxyalkylene having 1-5 carbons in 
the alkoxy and alkylene groups, aminoalkylene of 1 - 6 carbons, 
alkenyl of 1 - 6 carbons, benzyl, hydroxyalkyl of 1 - 6 carbons, 
mercaptoalkyl of 1 - 6 carbons, histidinyl, haloalkyl of 

1- 6 carbons, A -amino ethyl -benzyl, acetasidoalkyl of 1 - 5 
carbons, benzyl thionethylene, or dimethylaminoalkyl of 1 - 5 
carbons . 

C. When R 3 is a group from among (k) - (xxxi) above, R 1 
may also be any of H, - Cg straight or branched chain 
alkyl, phenyl, benzyl, unsubstituted aminoalkylene of 

2- 6 carbons, hydroxyalkylene of 1 6 carbons, hy droxyphenyl , 
phenoxyalkylene or benzyloxyalkyiene wherein the alkylene 
group has 1-6 carbons, cycloalkyl of 3 - 6 carbons, cyclo- 
alkyl methyl, 3 indolyl-phenylethyl, methyl thioethyl , 3- 
indolyl alkyl wherein the alkyl group contains 1-5 carbons, 
imidazolyl, imidazolylalkyl wherein the alkyl group contains 
1-5 carbons, phenoxynethyl, phenyl thionethyl, 4-aminomethyl 
benzyl, 2-aminophenethyi, naphthylethyl , 4-halophenethyl, 
3,4-dihalophenethyl or phenoxyphenethyl , or 

D, R^ and R2 together may form with -CH a lactone ring of the 
formula : 

CH- CH — . OL CH- 

I 2 



or 



1 

yCA ,C - 0 CH^ ^ 
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-V - 

(x;..) HO - (CH 2 ) n - X (CH 3 ) 2 - , HS - (CH 2 > n - C (CH 3 ) 2 -. 
phydroxyphenyl - (C^n ~ C ^ CH 3^2 ~ or P~ Derc aptophenyl- 
(CH 2 ) n - C (CH 3 ) 2 - vherein n has the sane significance as 
above. 

(xiii) p - nercaptophenyl - (CH 2 ) n - CE 2 - or p-hydroxyphenyl- 
(CH 2 ) n - CH 2 - '-herein the phenyl ring has one or two nitro or 
amino substituents and n has the same significance as above; 

OH SH „ 

(xiv) CK 3 (CH 2 ) n - CH - or CH, (CH 2 ) n . - „ ^ ^ ^ 

sane significant as above. 

(xv) NH^ - alkylene or N0 2 - alky 1 en e containing one hydroxy or 
' mercapto substltuent and having 1-6 carbon atoms ; 

(xvi) hydroxy- or mercapto-phenoxybenzyl; 



(xvii) 20-(CH 2 ) q - C (CK 2 ) n , 2S-(CH 2 ) q - C - (CH.,)^ 

0 0 
NK 2 -(CH 2 ) q - C - (CH 2 ) n K0 2 (CH 2 ) q - £ - (CH 2 ) n -, 

HONH - (CH 2 ) q - C - (CH 2 ) n -; KH 2 HH - (CH 2 ) - C - (CEO 

oo o o n 

ZO - C (CH 2 ) - C - (CH 2 )- - ZS - C - (CH,)_ - C - (CHO - or 
0 0 * n 

«» ffl 

HH 2 CN - (CH 2 ) q - C - (CH 2 )iTwherein q - 1 - 5 and z and n have 
the same significance as-. above . 



OK OH 
(xviii) Z0-(CH 2 ) q - CH - (Ci 2 ) n ZS-(CH 2 ) q - CH - (CH 2 > n 

NH 2 - (CH 2 ) q - CH - (CH 2 ) R S0 2 - <CH,) q - CH - (CH 2 ) n -. 

ZO - (CH 2 ) q - - (CH 2 ) n ZS - - (CH 2 ) q - $ - (CH 2 ) n - , 

HONH - (CH 2 ) q - CH - (CH 2 ) n NH 2 NH-<CK 2 ) - CH - (CH,) - 

0 * 

OH 

or NH 2 CNH-(CH 2 ) q -CH- (CH,) ^wherein Z, q and n all have the saae 
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or an analogous six-cembered ring and R^ must then be selected 
from any of groups (i) - (xxxi) above. 

E. When at least one of R y and R g is not hydrogen, or 
when X is NR^ and R g is methyl, Rj^ nay be as defined 

in B above, or may be from any of groups (i) to (x) above, 
when R3 is as defined in C above. 

F. When R, and R c together are any structure that is di- 
substituted or monosubstituted with a moiety other than -OH, 
or when R^ and R^ form any recited structure other than one 




1 

\ y 

and -ti CH, R^ may be as defined in B or may be from any 

of groups (i) to (x) when R^ is as defined in C above. 
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21 A compound according to claim 1 in i/hi ch X is -NR9. 

3. A compound according to claim 1 in which X is NH. 

4. A compound according to claim 2 in which and 
are the same and are selected from groups (i) to (xxxi). 

5. A compound according to claim 2 in which and R^ 
are different and each is selected from groups (i ) to (xxxi). 

6. A compound according to claim 2 in which R^ is 
selected from groups (xi) to (xxxi) and Rj is as defined in 
pSYt B of claim *1 . 

7. A compound according to claim 1 in which Rj is 
selected from groups (i) to (xxxi) and is as defined in 
part C of cl aim 1 . 

8. A compound according to claim 1 in which R^ is 
selected from any of groups (i) - (xxxi) and and R^ form 
with -CH a lactone ring as set forth in part D of claim 1. 

9. g A compound according to claim 2 in which R^ and Rj 
and C-R fi form a proline moiety. 

10. A compound according to any of claims 1-9 for use in 
inhibiting angiotensin converting enzyme in a mammal. 



